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1.0  INTRODUCTION 

This Electric Resistance Heating (ERH) Treatability Study Report has been prepared for Site 22, Former 

Building 105 Old Dry Cleaning Facility, at Naval Station (NS) Great Lakes located in Lake County, Illinois.  

The report has been prepared by Tetra Tech NUS, Inc. (TtNUS) for the Department of the Navy, Naval 

Facilities Engineering Command Midwest (NAVFAC MW) under the Comprehensive Long-Term 

Environmental Action Navy IV Contract No. N62467-04-D-0055, Contract Task Order 0009.  

 

The purpose of the study was to demonstrate the effectiveness of ERH in remediating source area 

contaminants present at the former dry cleaning facility.  The primary goal of the study was to reduce the 

average concentration of chlorinated volatile organic compounds (cVOCs) in soil to less than 

20 milligrams per kilogram (mg/kg).  It was calculated that doing so would reduce cVOC concentrations 

by 95.5 percent. This report summarizes the methodology and results of this study.   

 

1.1 DOCUMENT ORGANIZATION 

Section 1.0 of this report presents an introduction to the project, a site description, and a summary of the 

technology that was demonstrated. Section 2.0 summarizes the design and procedures conducted in the 

field to implement this technology demonstration.  Section 3.0 summarizes the data and evaluates the 

performance of the ERH system.  Section 4.0 includes an update to the Human Health Risk Assessment 

(HHRA) for the site utilizing the post-remediation data.  Section 5.0 summarizes the conclusions of this 

study and provides recommendations for additional site activities.  Appendix A includes the final 

subcontractor ERH Report prepared by Thermal Remediation Services, Inc (TRS).  Appendix B includes 

well abandonment forms and monitoring well construction diagrams for the re-installed wells.  Appendix C 

contains the investigation- and remediation-derived waste disposal documentation.  Appendix D contains 

field log sheets completed during the study.  Appendix E presents survey data for the re-installed 

monitoring wells.  Appendix F presents the laboratory analytical data, chain-of-custody forms, and data 

validation information associated with the study.  Appendix G includes the Resource Conservation and 

Recovery Act (RCRA) forms for closure of the drum storage area associated with Building 105 and the 

dry cleaning facility. 

 

1.2 SITE DESCRIPTION 

NS Great Lakes is located in Lake County, Illinois, north of the City of Chicago, and encompasses 

1.5 miles of Lake Michigan shoreline (see Figure 1-1).  NS Great Lakes is used to support naval training 

and consists of the Administrative Command, the Recruit Training Command, and the Service School 
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Command.  In 1986, an Initial Assessment Study conducted at NS Great Lakes identified 14 potentially 

contaminated sites.  Each site was evaluated with respect to contamination characteristics, migration 

pathways, and pollutant receptors.   The study concluded that seven of these sites warranted further 

investigation to assess potential long-term impacts.  Although Site 22 was not included as one of these 

seven sites, investigations to close the hazardous waste storage area at Site 22 through the RCRA 

program identified soil contamination that warranted further investigation. 

 

Site 22, Former Building 105, Old Dry Cleaning Facility, at NS Great Lakes is bounded on the south by 

Porter Street, on the west by a vacant asphalt-paved lot, on the north by Bronson Avenue, and on the 

east by Sampson Street, as shown on Figure 1-2.  The building was a slab-on-grade structure measuring 

approximately 150 feet by 70 feet.  The former 10,500-square-foot building occupied a lot measuring 

approximately 250 feet by 115 feet.  NS Great Lakes (United States Environmental Protection Agency 

[U.S. EPA] # IL7170024577) has operated with RCRA interim status authorization since November 19, 

1980.  Building 105 was originally included in a RCRA Part A permit that has been modified over the past 

25 years.  This RCRA drum storage unit is located in the southeastern quarter of the northwestern quarter 

of the southwestern quarter of Section 4, Township 44 North, Range 12 East (TtNUS, 2003).  

 

1.2.1 Site History 

Building 105 was constructed in 1939 and was utilized as a dry cleaning facility until 1993 or 1994 when it 

was converted to a vending machine supply and repair station.  From 1993 or 1994 until February 2001, 

the building was used to warehouse and repair vending equipment and products.  The vending machine 

supply and repair operations ceased in February 2001, and the building was vacant until it was 

demolished in March 2003.   

 

The RCRA unit in Building 105 (SO1) consisted of a drum storage area located inside the building along 

the eastern wall.  Hazardous waste consisting of spent tetrachloroethene (PCE) from the laundry facilities 

was stored in this area from 1980 until 1987.  The maximum quantity of waste stored at this unit is 

unknown; however, according to the revised RCRA permit, 165 gallons (three 55-gallon drums) was the 

maximum amount of waste stored at one time.  The storage area consisted of the concrete floor (no 

berms or curbs were present) within the building adjoining the concrete block exterior wall.  Near the 

storage area, two cracks and construction joints were observed in the concrete floor, as well as a garage-

type entry door and several floor drains.  Historical building foundation plans show that the floor drains 

were connected to the storm sewer system located outside of the building.  No visual evidence of spillage 

(staining) was observed or reported in this area, and the floor was in good condition in February 2003 as 

indicated in the Remedial Investigation and Risk Assessment (RI/RA) Report (TtNUS, 2004). 
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The building foundation plans also show two 6-inch-diameter drains running from the gutter under the 

washing machines associated with the previous laundry operations.  These drains were connected to a 

grease catch basin located outside the southeastern corner of the building.  The grease catch basin was 

approximately 5 feet by 7.5 feet by 5.5 feet deep and had a 6-inch-diameter tile effluent pipe.  It is 

speculated that the effluent line from the grease catch basin was connected to a manhole located outside 

of the building along Sampson Street for the sanitary lines for NS Great Lakes and that the soil and 

groundwater contamination at the site is derived from this aspect of the dry cleaner operations (TtNUS, 

2006a). 

 

1.2.2 Geology and Hydrogeology 

Fill material consisting of gravel, sand, silt, cinders, and occasionally bricks is present over most of 

Site 22 to thicknesses of up to approximately 5 feet.  Below the fill material layer is a heterogeneous 

mixture of sandy clays, gravelly clays, and silty clays with discontinuous silt and sand stringers to a depth 

of 30 feet below ground surface (bgs) that is considered the undisturbed, shallow subsurface lithology of 

Site 22.  Immediately below this is a fine- to coarse-grained sand layer that appears to be laterally 

extensive over much of the site.  The thickness of this sand layer varies slightly, ranging from 

approximately 7 to 10 feet thick.  Immediately below this sand layer are clays and silty clays.  Laboratory 

sieve analysis of composite samples from the undisturbed, shallow subsurface lithology indicates that the 

Unified Soil Classification System descriptions of these soils are ML (sandy silt) to CL (silty clay).   

 

Two separate aquifers are present at Site 22, a shallow (water table) and a deep confined aquifer.  The 

shallow aquifer ranges from 4 to 30 feet bgs and is composed primarily of unconsolidated clays, silts, and 

silty clays with discontinuous sand and gravel lenses interspersed throughout.  In general, the water table 

within these heterogeneous soils is shallow and is typically encountered at a depth of 4 to 18 feet bgs at 

the site.  Groundwater can be expected to migrate horizontally in the more permeable materials found in 

the silts and clays.   

 

The groundwater flow pattern for the shallow aquifer is fairly complicated.  The horizontal groundwater 

gradient is very similar across most of the site, although the direction varies widely.  Groundwater flow in 

the shallow aquifer is to the west, east, and south.  From a very general perspective (considering the four 

monitoring wells located around the perimeter of the site – MW01S, MW02S, MW07S, and MW08S), 

groundwater migrates southwest in the general direction of Pettibone Creek.  However, based on the 

undisturbed, shallow subsurface lithology, horizontal groundwater flow occurs only in the discontinuous 
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sand and gravel lenses.  Therefore, large-scale site-wide (and off-site) transport of the contaminants is 

not likely. 

 

Horizontal hydraulic conductivity in the shallow aquifer ranged from 0.00248 feet per day (ft/day) to 

3.53 feet per day, with a geometric mean of 0.186 ft/day.  Using the geometric mean hydraulic 

conductivity, the hydraulic gradient for the site (ranging from 0.03 to 0.04, and a porosity of 0.35, a 

groundwater velocity ranging from 6.21 to 8.25 feet per year was calculated (TtNUS, 2006a). 

 

The deep aquifer ranges from 30 to 40 feet bgs and is composed of fine to coarse sand. Static 

groundwater levels in wells screened in the deep aquifer ranged from 5 to 8 feet bgs.   

 

Based on the low permeability, lack of large-scale site-wide transport, and the fact that the majority of the 

water remains on site, the water present in the subsurface is considered “pore water” and is referred to as 

such throughout this report. 

 

1.2.3 Summary of Source Area Contamination Assessment 

Soil and groundwater sampling was conducted at Site 22 by several contractors over the last 10 years.  

According to these investigations, the chemicals of concern (COCs) are PCE and cis-1,2-dichloroethene 

in soil and groundwater.  The source area/“hot spot” of contamination is located near the southeastern 

corner of the Building 105 along Sampson Street near the former grease catch basin and consists mainly 

of PCE-contaminated soil with PCE-contaminated pore water in the area of the highly contaminated soil.   

 

PCE and its degradation products, trichloroethene, cis-1,2-dichloroethene, and vinyl chloride, were 

detected in surface and subsurface soil at concentrations exceeding screening levels for groundwater 

protection.  The cVOC concentrations reported for soil in the southeastern corner of the site also exceed 

the Illinois Environmental Protection Agency (Illinois EPA) Tiered Approach to Corrective Action 

Objectives (TACO) criteria for human exposure by incidental ingestion and inhalation (Illinois EPA, 2004).  

The Illinois EPA has classified the contaminated media (soil and pore water) at Site 22 as a listed 

hazardous waste for PCE (F002).  If the contaminated media are removed from the site, they would have 

to be identified as a listed hazardous waste.  Impacted soil and groundwater around the former drains 

and grease catch basin are limited to shallow depths (up to 20 feet deep), with the highest concentrations 

being between 8 to 20 feet bgs.  Impacts to the deeper aquifer are limited both in concentration and 

migration potential due to the geology of the site.  Historical surface and near surface soil samples north 

of the hot spot, in areas subsequently regraded during site demolition and construction activities, also 

contained contamination exceeding TACO criteria. 
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Prior to remedial activities, additional soil samples were collected to better delineate the site 

contamination and allow for design of an effective ERH treatment system.  More information on this 

sampling is included in Section 2.1.1. 

 

1.3 ERH TECHNOLOGY DESCRIPTION 

Based on the factors presented in the Feasibility Study (TtNUS, 2006a), the Navy, with concurrence from 

Illinois EPA, decided to implement a treatability study utilizing ERH to address the cVOC contamination in 

the subsurface.  This section provides a general description of the technology.  Details on design and 

implementation at this site are presented in Section 2.0. 

 

Developed in early 1990s by the Pacific Northwest National Laboratory, ERH uses an electrical current to 

heat less permeable soils such as clays and other fine-grained sediments so that water and contaminants 

trapped in these relatively conductive regions are vaporized and available for vacuum extraction.  This 

technology has been demonstrated as an effective technology for the removal of volatile and some 

semivolatile contaminants from soil and groundwater. Such contaminants generally include dense, non-

aqueous-phase liquids consisting of cVOCs such as trichloroethene and PCE, and also the light, non-

aqueous-phase liquids such as the petroleum hydrocarbon products. 

 

During ERH application, electric current is passed into the subsurface through vertical, angled, or 

horizontal electrodes. Electrodes are generally installed in the less permeable subsurface soil matrix 

through conventional drilling techniques that are used to install monitoring wells.  Electric current, passed 

through the electrodes into the subsurface is conducted through the moisture present in the subsurface 

soil where the resistance it encounters leads to a uniform heating of the subsurface. This heating of the 

soil boils the groundwater rendering the subsurface dry and fractured and thus more permeable. 

Contaminants present in these fractures and the groundwater are consequently vaporized and then 

vacuum extracted by the above-ground vapor recovery system.  Although silt and clay soils exhibit low 

permeability, they are more electrically conductive than sand due to increased porosity and moisture 

content. In addition, the surface of clay particles is naturally charged.  Electrically conductive regions of 

the soil heat up more vigorously and quickly as they attract a greater electric current. Thus, ERH is an 

effective method of heating less permeable soils where dense non-aqueous-phase liquid tends to 

accumulate. 
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The increase in the temperature of the subsurface is measured by thermocouples installed throughout the 

treatment area. Typically, thermocouples are placed at various depths and readings obtained throughout 

ERH operation are utilized to optimize electrical input to the subsurface. 

 

Vapor recovery (VR) wells and a vacuum blower are used to create a negative pressure in the subsurface 

and extract volatized vapor and steam created during the heating of the vadose and saturated zone. The 

extracted vapor/steam mixture passes through a condenser; the condensed steam is then cooled before 

being reinjected into the subsurface to help maintain moisture content in the electrode borings to enhance 

electrical conductivity between the electrodes and the soil matrix.  The recovered vapor then passes 

through a heat exchanger and cooling tower before passing through a granular activated carbon (or other 

treatment) unit, if necessary, and discharged to the atmosphere (Battelle, 2006). 

 

1.4 TREATABILITY STUDY EXPECTATIONS AND GOALS  

An ERH treatability study was implemented at Site 22.  The primary focus of this study was to significantly 

reduce the mass of cVOCs in the source area and to determine the design parameters for a full-scale 

implementation.  The results of the study were also evaluated to determine the effectiveness of the ERH 

in reducing the concentrations at the site sufficiently to allow implementation of a closure plan that 

incorporates land use controls (LUCs) for the soil and pore water at the site. 

 

Goals for the study included achieving and maintaining adequate temperatures throughout the treatment 

zone, recovery of a significant portion of the cVOC mass in the subsurface, and reductions in cVOC soil 

and pore water concentrations at the site.  More details on the goals of the study are presented in 

Section 2.4.  The performance of the system in reaching these goals is presented in Section 3.0. 
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2.0  TECHNOLOGY IMPLEMENTATION 

2.1 ERH TREATABILITY STUDY DESIGN 

Prior to implementing the ERH treatability study, pre-remediation sampling was conducted to delineate 

the treatment area and determine baseline soil and pore water concentrations.  Utilizing the results of this 

pre-remediation sampling and previous sampling events, the ERH treatability study system design was 

completed. 

 

2.1.1 Pre-Remediation Sampling 

In November 2005, prior to design of the ERH treatability study system, TtNUS conducted soil and pore 

water sampling to determine the optimal extent of the ERH treatability study and to provide baseline data 

for evaluation of the effectiveness of the study in reducing cVOC concentrations at the site.  The sampling 

included the following: 

 

• Collection of six surface and near surface soil samples in areas shown to contain contamination prior 

to site demolition and regrading activities in the area north of the hot spot.  These samples were 

utilized to determine if contamination was still present in these areas and whether it would have to be 

addressed. 

 

• Collection of eight soil samples in the vicinity of the hot spot in the southeastern portion of the site 

(the projected ERH treatability study area).  These samples were intended to delineate the area to be 

remediated vertically and horizontally and to provide baseline data from within the hot spot area to 

allow for comparison with post-remediation samples. 

 

• Collection of pore water samples from four wells inside the hot spot area.  Data from three of the 

wells were also compared to data from treatability performance samples to determine reductions in 

cVOC concentrations in the pore water.  Results for the pore water samples from monitoring well 

MW05S have historically been less than TACO criteria and were not used to determine reductions in 

cVOC concentrations. 

 

The samples were laboratory analyzed for VOCs.  The rationale for collection of each of the soil samples 

and analytical results from the soil sampling are summarized in Table 2-1 and presented in Figure 2-1; 

pore water results are summarized in Table 2-2.   
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The results of the sampling indicated that the surface and near surface contamination previously 

observed north of the hot spot area was no longer present; therefore, no remedial action was proposed 

for this area. 

 

Based on a review of the data, it was determined that the areas with soil concentrations greater than 

20 mg/kg of PCE would be addressed via the ERH treatability study system.  This incorporated a surface 

area of 2,400 square feet and three depth intervals; surface to 8 feet in the western portion of the area, 

surface to 18 feet in the center portion, and surface to 25 feet in the northeastern portion.  Utilizing these 

depths, a total of 1,400 cubic yards of soil would be addressed by the system. 

 

Additionally, as part of the data analysis, 15 soil samples from recent and historical sampling activities 

were selected to provide the pre-remediation baseline sample set.  These samples are from a total of 

nine locations; at six locations, multiple sample depths were included in the set.  This sample set provided 

a basis for comparison with samples collected during the treatability study to determine overall 

contaminant reduction.  These samples represented locations throughout the entire remedial area at 

various depths.  Total cVOC concentrations of the samples ranged from 16.9 to 1,500 mg/kg; the average 

total cVOC concentration was approximately 445 mg/kg.  The cVOC concentrations of these samples are 

summarized in Table 2-3; sample locations and concentrations are presented on Figure 2-2. 

 

A detailed evaluation of these results was presented in the Work Plan for ERH Treatability Study (TtNUS, 

2006b).  

 

2.1.2 ERH Treatability Study System Design 

TRS was subcontracted by TtNUS to design, install, and operate the equipment for the ERH treatability 

study.  The contract was performance based, requiring a reduction of the average soil cVOC 

concentration to 20 mg/kg or less (a reduction of 95.5 percent).  Based on the final design by TRS, 16 

electrodes (installed to various depths), with co-located VR points were required to address the hot spot 

area as shown on Figure 2-3.  Each electrode consisted of a 3-inch-diameter steel pipe installed to the 

appropriate depth in a 12-inch-diameter borehole.  The annular space of the borehole was backfilled with 

steel shot and graphite to aid in conducting electricity to the surrounding soil matrix.  The steel pipe was 

slotted from 2 to 5 feet bgs to allow vapor recovery. 

 

The amount of energy needed to be input to the area during the ERH treatability study was originally 

estimated to be 325,000 kilowatt-hours (see Section 2.3.3).  It was also estimated that 12 weeks of ERH 

operations would be required to input the energy necessary for a successful cleanup.   

120711/P 2-2 CTO 0009 



Naval Station Great Lakes 
ERH Treatability Study Report - Site 22 

Revision: 1 
Date: January 2008 

Section:  2.0 
Page:  3 of 10 

 
 

Above-grade equipment included a 500-kilowatt Power Control Unit, a 15-horsepower vacuum blower, a 

condenser, a cooling tower, and two granular activated carbon vessels. 

 

To monitor subsurface temperatures, three temperature monitoring points (TMPs) were installed within 

the treatment area. Within each TMP, individual thermocouples were spaced every 5 feet through the 

zone of heating to automatically record subsurface temperatures in the treatment volume and allow for 

the creation of subsurface heating profiles. 

 

Due to buried utilities along Sampson Street, the original design was altered and two electrodes in the “H” 

row were moved 2 feet into Sampson Street (see Figure 2-3). These electrodes were completed 

18 inches below grade to isolate them from the vehicle and pedestrian traffic on Sampson Street. The 

other electrodes were completed above grade in accordance with the original system design.  

 

Four electrodes and one TMP were installed to a depth of 9 feet bgs on the western side of the site, 

designated as Area 3.  Temperature monitoring depths in Area 3 were established at 1, 5 and 8 feet bgs. 

The central portion of the site was designated as Area 2, and nine electrodes and one TMP were installed 

to 18 feet bgs.  Temperature monitoring depths were set at 1, 5, 10, 15, and 18 feet bgs.  Treatment in 

the northeastern area of the site, Area 1, extended the deepest, with three electrodes and one TMP 

installed to 26 feet bgs.  Thermocouples in the Area 1 TMP were placed at 1, 5, 10, 15, 20, and 25 feet 

bgs.  A design change was made to the electrodes in the “G” row resulting in the conductive interval of 

each electrode being lowered from 1 foot bgs to 6 feet bgs due to the presence of an abandoned steam 

chase. 

 

Additional information on the system design (including design drawings of the electrode/TMP locations 

and construction and a process flow diagram showing the above-grade equipment) is included in the 

Final Report issued by TRS in December 2006 (Appendix A) and the Work Plan for ERH Treatability 

Study (TtNUS, 2006b).  Photographs of the ERH treatability study system are included at the end of this 

section. 

 

2.2 FIELD IMPLEMENTATION CHRONOLOGY 

The chronology of field events is summarized in Table 2-4.  Construction of the ERH treatability study 

system began on April 17, 2006, and the system was completed and ready for operational testing May 8, 

2006.  The installation was approved for operation and energized on May 22, 2006, and system start-up 
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began.  Power was applied to the subsurface until October 4, 2006, and the VR blower and condenser 

remained operational until October 16, 2006. 

 

As described in Section 2.4, numerous soil sampling rounds were performed to evaluate the performance 

of the treatability study.  Soil sampling was conducted during system operation to measure the amount of 

remaining contamination in the treatment area and to guide operational changes intended to optimize 

remediation efforts towards the most impacted portions of the site.  This included a baseline sampling 

event (described above) and four performance sampling rounds that took place on July 11, August 8, 

September 12, and September 28, 2006.   

 

2.3 FIELD IMPLEMENTATION AND PROCEDURES  

2.3.1 Electrode and Surface Equipment Installation 

Sixteen electrodes with co-located VR wells were installed across the treatment area from April 24 

through May 1, 2006.  TTL, Inc. used a hollow-stem auger rig to advance the boreholes for each co-

located electrode/VR well to their design depths.  Due to buried utilities oriented along Sampson Street, 

the 2 electrodes in the “H” row were moved two feet into Sampson Street.  As-built locations of the 

electrodes and TMPs are presented on Figure 2-3. 

 

Surface construction, including VR piping and electrical supply cabling to the electrodes/VR wells, was 

completed during the week following drilling. TRS installed vapor-phase granulated activated carbon 

vessels for the potential treatment of extracted cVOCs on May 8, 2006. The system was fully constructed 

and ready for operational testing on May 8, 2006.   

 

From May 8 to May 22, 2006, an electrical contractor installed a 500-kilowatt step-down transformer, 

service disconnect switch and meter inside the fenced treatment area.  They also used horizontal boring 

methods to connect a nearby 13,200-volt service to the step-down transformer.  TRS completed the 

installation of the power from the service disconnect switch and meter to the Power Control Unit before 

final inspection by NS Great Lakes facility electricians. 

 

2.3.2 Monitoring Well Abandonment 

Because of the high subsurface temperatures achieved by ERH, the integrity of monitoring wells in the 

vicinity of the treatment area would be compromised.  Therefore, four monitoring wells were abandoned 

prior to remediation (MW05S, MW010D, MW010S, and MW06S) on April 25 and 27, 2006.  Water Well 

Sealing Forms are included in Appendix B. 
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Monitoring wells MW010D, MW010S, and MW06S were reinstalled in approximately the same locations 

(see Figure 2-3) and with the same depth and construction characteristics on March 6 and 7, 2007.  The 

monitoring well construction logs for these wells are provided in Appendix B.  Due to historically low pore 

water concentrations exhibited at MW05S [less than 1 microgram per liter (µg/L)], this well was not 

reinstalled. 

 

2.3.3 System Start-Up and Operation 

Start-up and shakedown of the ERH treatability study system began on May 22 and 23, 2006.  After the 

electrical and VR connections were complete, power was applied to the VR blower and steam condenser 

so that they could be tested.  After proper operation of the internal and external interlocks for each system 

component was verified, power was applied to the electrodes so that start-up step-and-touch voltage 

safety testing could be performed.  Interlocks were connected between each unit of equipment to make 

sure that the electrodes were de-energized if there was a loss of vapor recovery or an internal 

malfunction.  No voltage potentials greater than the 15-volt limit established by TRS were found at the 

site. 

 

With the initial voltage safety survey complete, the applied voltage to the subsurface was slowly 

increased throughout the remainder of the day. With each voltage increase, checks for surface voltage 

were performed and results recorded. In no instance did readings exceed the TRS 15-volt limit. 

 

The ERH treatability study system was left off line overnight and additional performance and safety 

testing was conducted the following day.  The ERH treatability study system was deemed fully operational 

on May 24, 2006, and the project status moved from the start-up phase to the operations phase.  During 

ERH start-up and early operations, step-and-touch voltage potentials in and around the electrode field 

were monitored frequently to make sure that public and worker safety from electrical hazards was 

maintained.  

 

When the applied voltage to the subsurface was raised to 240 volts, step-and-touch voltage readings that 

were nearing the established 15-volt limit were obtained on the perimeter fence in the vicinity of 

electrodes H3 and H4.  To address this concern, a portion of the metal fence along Sampson Street was 

replaced with a wooden panel fence that extended 15 feet north and south of electrode row “H”.  As an 

additional precaution, the concrete and asphalt extending 3 feet on either side of the wooden fence were 

painted with an isolating dielectric paint.  The wooden fence eliminated potential voltage hazards from 

ground to the fence, and the paint insulated the surface from the pavement underneath.  To monitor 
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surface voltages over time, step-and-touch readings in and around the entire electrode field were 

collected during the site visits.  These efforts were taken to make sure on-going site safety. 

 

Additionally during the start-up procedures, multiple noise measurements were obtained throughout the 

vicinity of the site to make sure that the Base noise limits were not exceeded and that the operation of the 

system did not effect personnel at the fire station across Sampson Street.  These readings, and 

conversations with the fire station personnel, indicated that there were no issues with noise. 

 

Except for brief periods of shut down for soil sampling and maintenance, the ERH treatability study 

system operated continuously through October 4, 2006; operation of the VR system continued through 

October 16, 2006, to recover additional vapor created in the heated soil.  Energy input was adjusted 

throughout the system operation based on vapor recovery and soil sampling data to optimize system 

performance.  The amount of energy utilized was 632,866 kilowatt-hours over 19 weeks of operation.  

More information on system operation is presented in the TRS Final Report (Appendix A). 

 

During operation of the ERH treatability study system, data were obtained to determine the system’s 

success in obtaining the goals of the study.  Section 2.4 describes the data collection, and Section 3.0 

discusses the results. 

 

2.3.4 System Demobilization and Site Restoration  

Following shut down of the VR system on October 16, 2006, system demobilization activities began.  The 

Power Control Unit, steam condenser, VR blower, and cooling tower were removed from the site on 

October 19, 2007 (the GAC and excess water tank had been removed from the site in August 2006).  

Additionally, the electrodes were abandoned and the piping from the VR and drip piping systems and 

electrode well heads were decontaminated and disposed as construction/demolition debris. 

 

During the week of November 6, 2006, site restoration activities were completed.  The site fencing and 

electrical transformer were removed, and the asphalt, concrete, and grass surfaces were restored to pre-

existing conditions (see Appendix A for more details).  

 

2.3.5 Remediation-Derived Waste Disposal 

Several waste streams were generated during the treatability study.  The following summarizes the 

disposition of each of these streams: 
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• Purge and decontamination water from the initial pre-remediation sampling event (15 gallons) were 

disposed at Pollution Control Industries in East Chicago, Indiana, as F002 listed hazardous waste on 

February 10, 2006. 

 

• Soil from the installation of the electrodes and TMPs (15.7 tons) was disposed as listed F002 

hazardous waste at Pollution Control Industries in East Chicago, Indiana on May 9, 2006.  

  

• Soil from the reinstallation of monitoring wells following remediation (10 drums) was disposed as 

listed F002 hazardous waste at Pollution Control Industries in East Chicago, Indiana on March 14, 

2007.   

 

• Water from the cooling tower, equipment decontamination, and monitoring well development and 

purging (four drums) was disposed as non-hazardous waste at Pollution Control Industries in East 

Chicago, Indiana on March 14, 2007.  Due to site remediation activities, this water was not 

considered listed waste, and the cVOC concentrations were significantly less than the threshold for 

characteristic waste. 

 

Waste manifests for each of these streams are included in Appendix C. 

 

2.4 DATA COLLECTION FOR EVALUATION OF ERH TREATABILITY STUDY SYSTEM  

As stated in Section 1.4, the following four criteria were used to evaluate the effectiveness of the ERH 

treatability study system at Site 22: 

 

• Ability of the system to achieve and maintain temperatures of 90 degrees Celsius throughout the 

treatment volume.  The temperature profile in the subsurface has been shown to be the most 

important metric in determining the success of treatment via ERH (Batelle, 2006). 

 

• Ability of the system to remove a significant amount of the site cVOC mass via the recovered vapor 

stream. 

 

• Ability of the system to reduce average total cVOC concentrations in subsurface soil by 95.5 percent, 

to an average of 20 mg/kg or less. 
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• Ability of the system to reduce  pore water cVOC concentrations at the site.  Because LUCs currently 

in place at Naval Station Great Lakes prevent pore water use, no specific pore water reduction goals 

were set. 

 

The sections below detail data collection activities associated with evaluating the ERH treatability study 

system with respect to these goals.  The success of the system in meeting the stated goals is evaluated 

in Section 3.0. 

 

2.4.1 Temperature Monitoring 

As stated above, the temperature of the subsurface was measured throughout the treatment area.  One 

TMP, with thermocouples installed at multiple depths, was installed in each section of the treatment area.  

The TMPs were placed in areas nearly equidistant from the surrounding electrodes to provide 

conservative temperature data.  The TMPs and thermocouples were placed as follows (Figure 1 of 

Appendix A):  

 

• Treatment in the northeastern corner of the site, Area 1, extended to approximately 25 feet.  

Thermocouples in the Area 1 TMP were placed at 1, 5, 10, 15, 20, and 25 feet bgs.  

 

• The central portion of the site was designated as Area 2.  In this area, temperature monitoring depths 

were set at 1, 5, 10, 15, and 18 feet bgs. 

 

• Temperature monitoring depths in Area 3 (the western portion of the treatment area) were 

established at 1, 5 and 8 feet bgs.  

 

Temperature data from the thermocouples were processed continuously.  The data were then graphed to 

provide a simple method of analyzing temperature trends throughout the treatment volume.  An 

evaluation of the success of the ERH treatability study system in achieving and maintaining temperatures 

of 90 degrees C in the subsurface is presented in Section 3.1.  

 

2.4.2 Vapor Stream Sampling 

Soil vapor and steam were continuously removed from the subsurface during ERH treatability study 

system operation.  The steam was then condensed, and the resultant water stream was then cooled and 

reinjected in to the annular space of the electrodes to maintain moist/conductive conditions in the 
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graphite/steel shot backfill.  The remaining vapor stream was then cooled and discharged to the 

atmosphere.  Periodic monitoring of the vapor stream was conducted to: 

 

• Make sure that the maximum permitted rate of uncontrolled cVOC emissions of 8 pounds per hour 

was not exceeded.  If the discharge rate had approached that value, the stream would have been 

passed through the granular activated carbon system prior to discharge.  Since the discharge rate 

stayed well below this value, the granular activated carbon was not utilized. 

 

• Provide data to estimate cVOCs removed via the ERH treatability study system. 

 

• Determine when vapor recovery had reached an asymptotic level and continued operation of the 

system would lead to minimal additional cVOC recovery. 

 

To allow a general evaluation of vapor recovery and the third criterion above, measurements of the cVOC 

concentration of the vapor stream were obtained with a photoionization detector (PID).  These 

measurements were obtained three to four times a week during the first 4 weeks of system operation and 

approximately weekly thereafter.  Vapor stream samples were collected in Tedlar bags for laboratory 

analysis on an approximately weekly basis for the first 13 weeks of operation to provide more quantitative 

data to evaluate the performance criteria.  These samples were analyzed by Test America Analytical 

Testing Corporation (Buffalo Grove, Illinois) for cVOCs via U.S. EPA Method 8260B. 

 

Results of the vapor stream monitoring and sampling and achievement of the related site goals are 

presented in Section 3.2. 

 

2.4.3 Soil Sampling 

Following the start of remedial activities at the site, soil sampling activities were conducted periodically to 

determine the reductions in soil concentrations throughout the site to optimize system performance and to 

determine when remedial activities were considered complete.  During these performance sampling 

events, the soil samples were collected as closely as possible to the locations and depths of the 

respective pre-remediation samples.  The following summarizes these events: 

 

• The first performance sampling event took place on July 11, 2006, as proposed in the ERH Work 

Plan (TtNUS, 2006b), after it was estimated that remediation was approximately 70 percent complete 

based on power consumption.  Samples were collected from the 15 pre-remediation locations and 

depths. 
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• The second event took place on August 8, 2006.  Samples were collected from the five locations and 

depths exhibiting the highest concentrations of cVOCs during the July sampling event.   

 

• The third event took place on September 12, 2006.  Because this was expected to be the final 

sampling event, a full round of 15 samples was collected. 

 

• The fourth and final event took place on September 28, 2006.  This event included the three 

locations and depths that exhibited elevated concentrations during the September 12 event. 

 

During each performance sampling event, the soil samples were collected utilizing the protocol from the 

ERH Work Plan and site-wide Quality Assurance Project Plan.  The samples were laboratory analyzed at 

Severn Trent Laboratory in Canton, Ohio, for cVOCs via U.S. EPA Method 8260B.  The results of the 

performance soil sampling and achievement of the related site goals are presented in Section 3.3.  Field 

logs from these sampling events are provided in Appendix D. 

 

2.4.4 Pore Water Sampling 

Following completion of the ERH treatability study, three of the abandoned monitoring wells (Section 

2.3.2) were reinstalled.  Reinstallation of these wells was delayed until March 6 and 7, 2007 to allow the 

soil to cool sufficiently for the use of polyvinyl chloride wells in the subsurface.  Following installation, the 

locations and elevations of the monitoring wells were surveyed by James Anderson Company 

(Appendix E).  Pore water samples were collected from these wells on March 10, 2007, via low-flow 

sampling techniques per the protocol in the ERH Work Plan and site-wide Quality Assurance Project 

Plan.  The samples were laboratory analyzed at Severn Trent Laboratory in Canton, Ohio, for cVOCs via 

U.S. EPA Method 8260B. 

 

The results of the pore water sampling and achievement of the related site goals are presented in Section 

3.4.  Field logs from the pore water sampling event are provided in Appendix D. 
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TABLE 2-1

SUMMARY OF PRE-TREATABILITY STUDY SOIL SAMPLE RESULTS
SITE 22 - BUILDING 105 OLD DRY CLEANING FACILITY

NAVAL STATION GREAT LAKES, ILLINOIS

Depth from 
Surface

Depth from 
Top of 

Native Soil PCE TCE cis-1,2-DCE VC
Total 

cVOCsa

Sample No. (feet) (feet) (μg/kg) (μg/kg) (μg/kg) (μg/kg) (μg/kg)

NTC22SB200203 Confirm historical concentrations 
at GL95-105S-13 6 - 7 2 - 3 26,000 ND (f) ND ND 26,000

NTC22SB200506 Delineate depth at historical 
boring GL95-105S-13 9 - 10 5 - 6 ND ND ND ND ND

NTC22SB2102 Provide additional baseline data 
in remediation area 8 - 9 1 - 2 9,300 1,800 5,800 ND 16,900

NTC22SB210405 Provide additional baseline data 
in remediation area 11 - 12 4 - 5 160,000 10,000 13,000 ND 183,000

NTC22SB211112 Provide additional baseline data 
in remediation area 18 - 19 11 - 12 ND ND ND ND ND

NTC22SB220203 Provide additional baseline data 
in remediation area 9 - 10 2 - 3 19,000 ND ND ND 19,000

NTC22SB220708 Provide additional baseline data 
in remediation area 14 - 15 7 - 8 ND ND ND ND ND

NTC22SB221112 Provide additional baseline data 
in remediation area 18 - 19 11 - 12 200,000 ND ND ND 200,000

NTC22SB230102 Confirm historical surface sample 
at GL95-105S-8 4 - 5 0 - 1 400 ND ND ND 400

NCT22SB230203 Confirm historical surface sample 
at GL95-105S-8 6 - 7 2 - 3 1200 ND ND ND 1,200

NTC22SB240102 Confirm historical surface sample 
at GL95-105S-2 5 - 6 1 - 2 720 ND ND ND 720

NTC22SB240203 Confirm historical surface sample 
at GL95-105S-2 6 - 7 2 - 3 1,200 ND ND ND 1,200

NTC22SB250102 Confirm historical surface sample 
at GL95-105S-10 5 - 6 1 - 2 2,800 ND ND ND 2,800

NTC22SB250203 Confirm historical surface sample 
at GL95-105S-10 6 - 7 2 - 3 ND ND ND ND ND

PCE - Tetrachloroethene VC - Vinyl chloride
TCE - Trichloroethene ND - Non-detect
Cis-1,2-dichloroethene a CVOCs - Chlorinated volatile organic compounds (PCE, TCE, cis-1,2-DCE ,and VC)

Rationale for Sample Location



TABLE 2-2

SUMMARY OF PRE-TREATABILITY STUDY AND HISTORICAL PORE WATER SAMPLE RESULTS
SITE 22 - BUILDING 105 OLD DRY CLEANING FACILITY

NAVAL STATION GREAT LAKES, ILLINOIS

NTC22MW05S NTC22MW05S NTC22MW05S NTC22MW06S NTC22MW06S NTC22MW06S NTC22MW10S NTC22MW10S NTC22MW10D NTC22MW10D

PARAMETER SAMPLE DUPLICATE SAMPLE SAMPLE SAMPLE DUPLICATE SAMPLE SAMPLE SAMPLE SAMPLE
8/11/2003 8/11/2003 11/22/2005 10/21/2003 11/20/2005 11/20/2005 10/25/2003 11/20/2005 10/24/2003 11/20/2005

Chlorinated Volatiles (μg/L)
CHLOROMETHANE NC 1  U 1  U 1  U 2000  U 1400  U 1400  U 1  U 2  U 0.21  J 1  U
CIS-1,2-DICHLOROETHENE 70 1  U 1  U 1  U 2000  U 1400  U 1400  U 2.6 52 1  U 4
TETRACHLOROETHENE 5 0.58  J 0.55  J 1  U 59000 45000 43000 62 3.5 J 8.9 1  U
TRANS-1,2-DICHLOROETHENE NC 1  U 1  U 1  U 2000  U 1400  U 1400  U 1  U 2  U 1  U 1  U
TRICHLOROETHENE 5 1  U 1  U 1  U 2000  U 1400  U 1400  U 1.3 2  U 1  U 1  U
VINYL CHLORIDE 2 1  U 1  U 1  U 2000  U 1400  U 1400  U 1  U 2  U 1  U 1.3

J = Result is estimated as a result of a value less than the reporting limit or a technical noncompliance.
U = Value is a nondetected result as reported by the laboratory and should not be considered present.
Shaded cells exceed the Illinois TACO Groundwater Ingestion Tier 1 criteria and Federal Maximum Contaminant Limits. 
NC = No Criterion

Illinois TACO 
Groundwater 

Ingestion 
Criterion



TABLE 2-3

SUMMARY OF BASELINE TREATMENT AREA SOIL SAMPLE RESULTS
SITE 22 - BUILDING 105 DRY CLEANING FACILITY

NAVAL STATION GREAT LAKES, ILLINOIS

Depth PCE TCE cis-1,2-DCE VC Total CVOCsa

Sample No. (feet bgs) (μg/kg) (μg/kg) (μg/kg) (μg/kg) (μg/kg)
NTC22SB20 6 - 7 26,000 ND ND ND 26,000
NTC22SB21 9 - 10 9,300 1,800 5,800 ND 16,900
NTC22SB21 13 - 14 160,000 10,000 13,000 ND 183,000
NTC22SB22 7 - 8 19,000 ND ND ND 19,000
NTC22SB22 18 - 19 200,000 ND ND ND 200,000
GL95-105S-13 2.5 - 3 1,500,000 ND ND ND 1,500,000
NTC22MW05S 0 - 1 190,000 ND ND ND 190,000
GL95-105S-12 0 - 0.5 370,000 ND ND ND 370,000
GL95-105S-12 2.5 - 3 600,000 ND ND ND 600,000
NTC22SB19 19 - 20 570,000 5,600 9,300 ND 584,900
TOL01-GP04 8 - 12 550,000 ND 820 ND 550,820
NTC22MW10D 9 - 11 130,000 1,300 1,700 ND 133,000
NTC22SB15 0 - 1 770,000 7,700 52,000 ND 829,700
NTC22SB15 11 - 12 590,000 ND ND ND 590,000
NTC22MW06D 7 - 8 870,000 7,300 9,100 ND 886,400

436,953 2,247 6,115 ND 445,315

Notes:
PCE - Tetrachloroethene VC - Vinyl chloride
TCE - Trichloroethene ND - Non-detect
cis-1,2-dichloroethene a CVOCs - Chlorinated volatile organic compounds (PCE, TCE, cis-1,2-DCE and VC)

AVERAGE



TABLE 2-4

CHRONOLOGY OF FIELD EVENTS
SITE 22 - BUILDING 105 OLD DRY CLEANING FACILITY

NAVAL STATION GREAT LAKES, ILLINOIS

Date Event Description
Begin End

11/2005 Baseline Sampling Baseline Soil Sampling Event
4/17/2006 5/8/2006 Construction of ERH System Placement of surface equipment

4/24/2006 5/1/2006 Drilling and Electrode Installation
Drilled boreholes and installed each co-
located electrode/VR well

5/1/2006 5/22/2006 System Connection
Surface piping and electrical 
connection

5/22/2006 5/23/2006 System Startup and Shakedown Power was applied and tested
7/11/2006

Interim Soil Sampling

Round 1 Soil Sampling Event
8/8/2006 Round 2 Soil Sampling Event
9/12/2006 Round 3 Soil Sampling Event
9/28/2006 Round 4 Soil Sampling Event
10/4/2006 10/16/2006 System Shutdown De-energized electrodes
11/4/2006 11/16/2006 Site Restoration Restored site to its original condition

3/6/2007 3/10/2007
Monitoring Well Re-Installation and 

Sampling

Re-installed and sampled MW10D, 
MW10S, and MW06S that were 
abandoned as part of system 
installation activities 
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3.0  TECHNOLOGY PERFORMANCE 

The performance of the ERH treatability study was evaluated based on the collection and analyses of 

temperature, vapor, soil, and pore water data.  This section includes a summary of the data and an 

assessment of the performance of the ERH system compared to the criteria in Section 2.4, specifically: 

 

• Ability of the system to achieve and maintain temperatures of 90 degrees Celsius throughout the 

treatment volume. 

   

• Ability of the system to remove a significant amount of the site cVOC contamination through the 

vapor stream. 

 

• Ability of the system to reduce average cVOC concentrations in subsurface soil by 95.5 percent, to 

an average of 20 mg/kg or less. 

 

• Ability of the system to reduce pore water cVOC concentrations at the site. 

 

3.1 TEMPERATURE MONITORING RESULTS AND EVALUATION 

As stated in Section 2.4, the subsurface temperature profile is the most important metric in determining 

whether an ERH system will effectively reduce contaminant concentrations at a site.  To that end, the 

subsurface temperature was continuously monitored throughout the remedial process at Site 22.  Figures 

3-1 through 3-3 show the temperature profile versus depth over time for the three TMPs at the site.  The 

maximum temperature reached at each depth interval is provided below (TRS, 2006); the average 

temperature in the subsurface prior to treatment was 15.5 degrees Celsius. 

 

Depth 
(ft bgs) 

Area 1 
Maximum Temp 

(degrees C) 

Area 2 
Maximum Temp 

(degrees C) 

Area 3 
Maximum Temp 

(degrees C) 
1 100 61 82 
5 103 100 100 
10 105 102 96 
15 109 103 NA 
20 103 NA NA 
25 81 NA NA 
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As is evident from the data above, the target temperature of 90 degrees Celsius was achieved, exceeded, 

and maintained throughout the majority of the treatment area.  The exceptions were the surface soil of 

Areas 2 and 3, and the 25-foot bgs interval of Area 1.  The surface soil at Areas 2 and 3 did not reach the 

target temperature, primarily due to cooling at the surface (despite the presence of an insulating mat).  

This cooling did not affect system performance because the temperature increase was sufficient to aid in 

the volatilization and removal of contaminants from the high permeability fill just below the surface.  The 

vacuum applied to this interval by the VR system also created a reduced boiling point for the PCE/water 

mixture at this interval, leading to contaminant reductions despite the lower temperatures. 

 

The temperature at the deepest interval of Area 1 was also not a concern.  The maximum depth at which 

contamination was identified was 20 feet bgs; the treatment zone was extended 5 feet deeper to account 

for cooling at depth.  Therefore, the temperature of 103 degrees Celsius at 20 feet bgs in Area 1 

represents the bottom of the contaminated zone. 

 

Based on the data presented above, the temperature profile at the site exceeded the evaluation criteria 

for the study. 

 

3.2 VAPOR SAMPLING RESULTS AND EVALUATION 

As stated in Section 2.4.2, recovered vapor stream samples were periodically measured for VOC 

concentration via a PID and laboratory analyzed for cVOCs during treatability study system operation.  

The maximum PID reading was 596 parts per million (ppm) on June 27, 2006; this corresponds with the 

date of the collection of the sample with the maximum cVOC concentration as measured by the 

laboratory (1,290 µg/L).  Figure 6 of the TRS Final Report (Appendix A) shows that although the 

magnitude of the concentrations was very different, the relative concentrations obtained by the PID and 

laboratory analyses were highly correlated throughout the operation of the system.  A small peak in 

removal was observed at the end of May as the average subsurface temperature approached 35 degrees 

Celsius.  A second, higher peak was observed during the June 27 sampling as the average subsurface 

temperature reached 80 degrees Celsius.  Following collection of the August 1 vapor sample, cVOC 

concentrations in the recovered vapor decreased quickly.  This indicated that the cVOC mass recovery of 

the system was becoming less efficient. 

 

Table 3-1 summarizes the vapor data obtained from the analytical laboratory.  This table also provides 

the air flow rate measured at the time of sampling, the calculated amount of cVOC mass removed during 

each period, and the cumulative cVOC removal.  Based on the calculations, approximately 1,200 pounds 

of cVOCs were removed from the subsurface via the recovered vapor stream.  The total cVOC mass in 
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the subsurface prior to remediation was estimated at approximately 1,350 pounds (Tetra Tech, 2006a).  

This equates to an estimated removal of 89 percent of the cVOC mass via the recovered vapor stream.  

This was an acceptable percentage, especially considering the following: 

 

• The potential error in the estimates of both the mass of cVOCs in the subsurface and the total cVOC 

removal. 

 

• The estimate of initial cVOC mass included two surface and near-surface hot spots north of the 

treatment area that were subsequently shown to contain minimal contamination. 

 

• Recovery via the VR system is only one mechanism (albeit the most prevalent) at work in reducing 

cVOC concentrations in the subsurface during ERH operation.  Other mechanisms include increased 

hydrolysis and biodegradation occurring at higher temperatures. 

 

• In conjunction with the soil sampling detailed below, the mass in the recovered vapor stream 

indicates substantial reduction in cVOC mass at the site. 

  

Based on the data presented above, the vapor recovery at the site met the evaluation criteria for the 

study. 

 

3.3 SOIL SAMPLING RESULTS AND EVALUATION 

As stated in Section 2.0, soil samples were collected prior to treatability study activities, and four 

performance soil sampling events were conducted during treatability study operation.  These soil samples 

were collected from approximately the same locations and depths as the 15 baseline samples designated 

to represent the treatment area (Table 2-3 and Figure 2-2).  The average cVOC concentration of these 

samples was 445 mg/kg prior to remediation; the goal of the ERH system was to reduce the average 

concentration to less than 20 mg/kg.  Data from the pre-remediation and post-remediation sampling 

events and associated percent reduction values are summarized in Table 3-2.  A graph showing 

reductions in cVOC concentrations as remediation progressed is presented as Figure 3-4. 

 

The first round of performance soil sampling, which consisted of collecting 15 samples, was conducted on 

July 11, 2006.  The concentrations of total cVOCs ranged from 0.002 to 3,306 mg/kg.  Concentrations in 

7 of the 15 samples were reduced to less than the cleanup goal of 20 mg/kg, and concentrations in 11 

samples exhibited significant reductions.  A significant increase in concentration (from 585 to 

3,305 mg/kg) was measured at NTC22SB19 (18 to 19 feet bgs); this increase may have been due to 
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sampling variability associated with source material present in the backfill of the nearby sanitary sewer.  

The average total cVOC concentration from this sampling event indicated a 40-percent reduction in 

average concentration to 267 mg/kg.  It was determined that the soil concentration reduction criteria had 

been achieved in portions of the treatment area, so the electrode field was reconfigured on July 20, 2006.  

Energy input to four electrodes in Area 3 (the most western electrodes) was discontinued to reduce the 

amount of energy being applied to areas that had achieved the soil concentration reduction criteria.  

Results from this sampling event are presented on Figure 3-5. 

 

The second performance sampling event was scheduled for August 8, 2006.  At this time, cVOC removal 

rates in the vapor stream were reduced from their highest levels, indicating that remediation was 

approaching completion.  During this sampling event, five soil samples were collected from the locations 

and depths with the highest concentrations based on the first round of performance sampling.  These 

samples included the four locations/depths not showing significant reductions and GL-95-105S013, which 

showed a significant reduction but still exhibited elevated cVOC concentrations.  The concentrations of 

cVOCs in three of the five samples were reduced to less than 1 mg/kg, with another soil sample 

concentration reduced to 15.8 mg/kg. PCE soil concentrations in the fifth sample (SB-19 at 19 to 20 feet 

bgs) decreased by 69 percent but remained greater than 20 mg/kg, so the treatment operation was 

reconfigured to target just the northeastern portion of the treatment area.  Including the five new results 

with the 10 results from the first round of sampling, the average cVOC concentration of the soil samples 

was calculated to be 77 mg/kg, equating to a reduction of 83 percent.  Results from this sampling event 

are presented on Figure 3-6. 

 

On August 3, 2006, it was determined that the connection between the Power Control Unit and electrode 

H3 had been lost and that the fault was within the 4-foot section of utility trenching extending from the site 

under Sampson Street to the electrode.  After the soil analytical results from the second round of 

performance soil sampling indicated that the area surrounding electrode H3 was still impacted above the 

remedial goal, the electrode was repaired on August 15, 2006 and placed back in service.   

 

A third round of performance sampling was conducted after a 95-percent reduction in the peak vapor 

stream concentrations of cVOCs had been achieved. During the third performance sampling event 

(September 12, 2006) the 15 soil samples from the approximate locations and depths of the baseline 

sampling event were resampled, with the results ranging from non-detect to 192 mg/kg, and 12 of 15 

samples with concentrations less than 20 mg/kg, including SB19 (19 feet to 20 feet bgs).  Three locations 

showed increases from previously low PCE concentrations.  The average cVOC concentration was 

25.2 mg/kg (94.3-percent reduction).  This was slightly greater than the cleanup goal, so the electrode 
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array was reconfigured to target the area of the three soil samples with remaining cVOC concentrations 

greater than the cleanup goal. Results from this sampling event are presented on Figure 3-7. 

 

The fourth, and final, performance sampling event was completed on September 28, 2006.  The three soil 

samples from the third round of performance sampling with remaining cVOC concentrations greater than 

the cleanup goal were resampled.  The concentrations of each of the re-sampled soil samples were less 

than 20 mg/kg.  Utilizing these sample results in conjunction with the other 12 samples from the third 

round of performance sampling, the average cVOC concentration for the samples was calculated to be 

4.1 mg/kg, equating to an overall reduction of 99.1 percent.  Results from this sampling event are 

presented on Figure 3-8. 

 

This sampling event confirmed that the project goal for cVOC concentration reductions in site soil was 

exceeded (99.1-percent reduction versus a goal of 95.5-percent reduction).  In fact, with a total cVOC 

concentration range between non-detect and 15.4 mg/kg, all sample concentrations were less than the 

cleanup goal for the average sample.  Therefore, based on the data presented above, the soil 

concentration reductions at the site exceeded the evaluation criteria for the study. 

 

3.4 PORE WATER SAMPLING RESULTS AND EVALUATION 

As stated in Section 2.3.2, three monitoring wells located in the treatment area were abandoned prior to 

remediation and were reinstalled in March 2007.  On March 10, 2007, approximately 6 months after the 

end of the ERH activities, samples were collected from the reinstalled wells (MW6S, MW10S, and 

MW10D).  The results are summarized in Table 3-3.   

 

Monitoring well MW-6S is a shallow well located within the treatment volume.  The total cVOC 

concentration in this well was reduced from 45,000 µg/L to 17 µg/L.  Monitoring wells MW-10S and 

MW-10D are screened in the deeper sand aquifer (30 to 40 feet bgs).  The pore water total cVOC 

concentration for the sample from MW-10S (screened just below the clay/sand interface) decreased from 

55.5 to 2.5 µg/L.  The total cVOC concentration in MW-10D (screened at the bottom of the sand aquifer 

from 35 to 40 feet bgs) rose slightly from 5.3 to 17 µg/L  Pore water analytical data are summarized in 

Table 3-3 and presented on Figure 3-9.  

 

Based on the cVOC concentration reduction of greater than 99 percent for the monitoring wells within the 

treatment area, the pore water concentration reductions at the site met the evaluation criteria for the 

study. 
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3.5 ACHIEVEMENT OF STUDY GOALS 

As detailed above, the following four evaluation criteria for the study were met or exceeded: 

 

• The temperature goal of 90 degrees Celsius throughout the treatment volume was exceeded, with 

only a few exceptions that did not affect the overall system performance. 

 

• Approximately 1,200 of 1,350 pounds (89 percent) of cVOC mass were removed in the vapor 

recovery stream; this meets the study goals of providing significant cVOC removal, especially 

considering the factors detailed in Section 3.2. 

 

• The average total cVOC concentration in the soil samples were reduced to 4.1 mg/kg (99.1-percent 

reduction), exceeding the goal of 20 mg/kg (95.5-percent reduction).  In fact, all individual soil 

samples exhibited concentrations less than 16 mg/kg, less than the goal of 20 mg/kg for the average 

sample. 

 

• Pore water cVOC concentrations inside the treatment area were reduced 99 percent, meeting the 

goal of groundwater concentration reduction. 
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TABLE 3-1

SUMMARY OF SOIL VAPOR AND cVOC REMOVAL DATA
SITE 22 - BUILDING 105 OLD DRY CLEANING FACILITY

NAVAL STATION GREAT LAKES, ILLINOIS

PCE TCE Flow Rate PID Reading
cVOC (d) 

Removal Rate

cVOCs 
Removed this 

period

Avg. 
Subsurface 

Temp
Sample Date (μg/L) (μg/L) (scfm) (ppm) (pounds) (pounds) (degrees C)

05/25/06 84.9 ND 210 12 0.07 1 17
05/31/06 1060 ND 210 319 0.83 64 31
06/07/06 854 ND 225 198 0.72 134 53
06/13/06 780 ND 198 260 0.58 93 65
06/21/06 1140 ND 205 383 0.88 139 76
06/27/06 1290 ND 261 596 1.26 152 81
07/05/06 1050 ND 209 400 0.82 204 86
07/18/06 460 11.2 205 146 0.36 184 86
08/01/06 399 ND 210 69 0.31 113 89
08/16/06 40 ND 205 35 0.03 63 88
08/30/06 67.1 3.62 193 27 0.05 14 8
09/07/06 191 20 0.04 9 77
09/21/06 230 23 0.04 13 84
10/04/06 202 21 0.04 13 93
10/16/06 205 4 0.01 7 71

TOTAL 1,201

Notes:
PCE - Tetrachloroethene mg/L - Microgram per liter
TCE - Trichloroethene scfm - Standard cubic feet per minute
PID - Photoionization detector reading ppm - Parts per million
cVOC - Chlorinated volatile organic compound C - Celsius

Samples not Collected



TABLE 3-2

SUMMARY OF SOIL PERFORMANCE SAMPLING DATA
SITE 22 - BUILDING 105 DRY CLEANING FACILITY

NAVAL STATION GREAT LAKES, ILLINOIS

Depth

Baseline 
Sampling
Nov 2005

1st Performance 
Sampling
July 2006

2nd Performance 
Sampling

Aug 7, 2006

3rd Performance 
Sampling

Sept 11, 2006

4th Performance 
Samplingb

Sept 28, 2006 Percent
Sample No. (feet bgs) (μg/kg) (μg/kg) (μg/kg) (μg/kg) (μg/kg) Reductionc

NTC22SB20 6 - 7 26,000 11,047 NS 3,391 NS 86.96
NTC22SB21 9 - 10 16,900 57,700 920 420 NS 97.51
NTC22SB21 13 - 14 183,000 221,000 780 1,370 NS 99.25
NTC22SB22 7 - 8 19,000 2.1 NS 0 NS 100.00
NTC22SB22 18 - 19 200,000 796 NS 62,400 15,074 92.46
GL95-105S-13 2.5 - 3 1,500,000 58,160 1 1,100 NS 99.93
NTC22MW05S 0 - 1 190,000 4,500 NS 640 NS 99.66
GL95-105S-12 0 - 0.5 370,000 20,580 NS 19,310 NS 94.78
GL95-105S-12 2.5 - 3 600,000 21,158 NS 3,230 NS 99.46
NTC22SB19 19 - 20 584,900 3,305,700 1,033,000 5 NS 100.00
TOL01-GP04 8 - 12 550,820 36,120 NS 4 NS 100.00
NTC22MW10D 9 - 11 133,000 350 NS 192,200 15,380 88.44
NTC22SB15 0 - 1 829,700 3,164 NS 215 NS 99.97
NTC22SB15 11 - 12 590,000 255,300 15,200 94,100 1,016 99.83
NTC22MW06D 7 - 8 886,400 2,522 NS 265 NS 99.97

445,315 266,540 76,676 25,243 4,095 99.08

Notes:
a Total CVOCs - Chlorinated volatile organic compounds (PCE, TCE, cis-1,2-DCE and VC).
b Average calculated from 4th interim sample results for NTC22SB22, NTC22MW10D, and NTC22SB15 and 3rd interim sample results for all other samples.
c Percent reductions calculated from 4th interim sample results for NTC22SB22, NTC22MW10D, and NTC22SB15 and 3rd interim sample results for all 
other samples.
NS - Not sampled.

Total CVOCsa

AVERAGE



TABLE 3-3

SUMMARY OF PORE WATER DATA
SITE 22 - BUILDING 105 OLD DRY CLEANING FACILITY

NAVAL STATION GREAT LAKES, ILLINOIS

NTC22MW06S NTC22MW06S NTC22MW10S NTC22MW10S NTC22MW10D NTC22MW10D

PARAMETER
11/20/2005 3/10/2007 11/20/2005 3/10/2007 11/20/2005 3/10/2007

Chlorinated Volatiles (ug/L)
CHLOROMETHANE NC 1400  U 0.38 J 2  U 1.0 U 1.0 U 1.0 U
CIS-1,2-DICHLOROETHENE 70 1400  U 2.3 52 1.3 4 0.21 J
TETRACHLOROETHENE 5 45000 9.2 3.5 J 1.0 U 1.0 U 16
TRANS-1,2-DICHLOROETHENE NC 1400  U 1.0 U 2  U 1.0 U 1.0 U 1  U
TRICHLOROETHENE 5 1400  U 5.2 2  U 1.2 1.0 U 1.2
VINYL CHLORIDE 2 1400  U 1.0 U 2  U 1.0 U 1.3 1.0 U

J = Result is estimated as a result of a value less than the reporting limit or a technical noncompliance.
U = Value is a nondetected result as reported by the laboratory and should not be considered present.
NC = No Criterion

Illinois TACO 
Groundwater 

Ingestion 
Criterion
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4.0  HUMAN HEALTH RISK ASSESSMENT FOR POST-TREATMENT CONDITIONS 

This section presents a human health risk evaluation of post-treatment soil and groundwater/pore water 

at Site 22.  The risks were calculated using the same exposure equations, assumptions, and models 

employed in the RI/RA (TtNUS, 2004).  A comparison of post-treatment and pre-treatment risks is also 

presented in this section.  

 

4.1 DATA EVALUATION 

Tables 4-1 and 4-2 present comparisons of compounds detected in post-treatment soil and 

groundwater/pore water samples with Illinois EPA TACO and U.S. EPA criteria.  As shown in the tables, 

only the concentrations of PCE and trichloroethene exceeded one or more these criteria. Therefore, the 

post-treatment risk assessment evaluated risks for PCE and trichloroethene only.   

 

4.2 EXPOSURE POINT CONCENTRATIONS 

Exposure point concentrations (EPCs) were determined as in the RI/RA.  If a data set consisted of less 

than 10 samples, the maximum detected concentration was used as the EPC.  If a data set consisted of 

more than 10 samples, the 95-percent upper confidence limit (UCL) was used as the EPC.  For the post-

treatment risk evaluation, maximum concentrations were used as the EPCs for surface soil and 

groundwater/pore water.  The 95-percent UCL was used as the EPC for subsurface soil.  The post-

treatment EPCs are as follows: 

 

Surface Soil   Subsurface Soil   Groundwater/Pore Water

 PCE – 19 mg/kg    PCE – 12 mg/kg   PCE – 16 μg/L 

 TCE – 0.2 mg/kg   TCE – 2 mg/kg    TCE – 5.2 μg/L 

 

For purposes of comparison, the pre-treatment EPCs were as follows: 

 

Surface Soil   Subsurface Soil   Groundwater/Pore Water

 PCE – 770 mg/kg    PCE – 180 mg/kg   PCE – 59,000 μg/L 

 TCE – 7.7 mg/kg   TCE – 2 mg/kg    TCE – 1.3 μg/L 

 

4.3 POTENTIAL RECEPTORS  

Risks for the following potential receptors were evaluated in the post-treatment risk assessment: 

120711/P 4-1 CTO 0009 



Naval Station Great Lakes 
ERH Treatability Study Report - Site 22 

Revision: 1 
Date: January 2008 

Section:  4.0 
Page:  2 of 6 

 
 

• Construction workers 

• Future full-time occupational workers 

• Hypothetical future residents  

 

4.4 EXPOSURE ROUTES AND PATHWAYS 

The following exposure routes and pathways were quantitatively evaluated in the post-treatment risk 

assessment: 

 

• Ingestion and dermal contact with surface and subsurface soil 

• Inhalation of vapors from surface and subsurface soil (ambient air) 

• Dermal contact with groundwater/pore water (construction workers only) 

• Inhalation of vapors from groundwater/pore water (ambient air) 

• Inhalation of vapors from groundwater/pore water by vapor intrusion (indoors) 

 

Risks for vapor intrusion from soil into indoor air (based on soil concentrations) were not included in this 

evaluation because U.S. EPA in its Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway 

from Groundwater and Soils (Subsurface Vapor Intrusion Guidance) recommends that this pathway not 

be evaluated “because of the large uncertainties associated with measuring concentrations of volatile 

contaminants introduced during soil sampling, preservation, and chemical analysis, as well as the 

uncertainties associated with soil partitioning calculations” (U.S. EPA, 2002). 

 

Based on the results of the post-treatment sampling events, an exclusion to the Groundwater Ingestion 

Exposure Route, as provided in Subpart C of TACO, Part 742.320, applies at this site (i.e., groundwater 

ingestion is not included as an exposure route or pathway).  As shown below, the requirements of items 

a) through f) of the exclusion in Part 742.320 are met: 

 

• Part 742.320 a):  The requirements of Subpart 742.300 and 742.305 are met; i.e., delineation of 

groundwater contamination has been obtained as shown in the RI (TtNUS, July 2004) and in this 

treatability study.  No free product has been observed at the site during field activities. 

 

• Part 742.320 b):  As stated above, no free product has been observed at the site. 

 

• Part 742.320 c):  The source of the release is not within the minimum or designated setback zone or 

within a regulated recharge area of a potable supply well.  As shown below, impact above drinking 
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water standards does not migrate from the site.  There are currently prohibitions on recovering water 

for potable use on Naval Station Great Lakes and potable water for Naval Station Great Lakes is 

obtained from Lake Michigan utilizing the Navy’s drinking water treatment system.  The surrounding 

communities are also connected to public water systems supplied by Lake Michigan.  The City of 

North Chicago has its own treatment system.  Other nearby communities, including Knollwood, Lake 

Bluff, Libertyville, Vernon Hills, Wildwood, and Gurnee, are supplied by the Central Lake County Joint 

Action Water Agency.  Lake County provides an additional 20,000 customers with potable water from 

Lake Michigan.  Shallow aquifers in the region (found at 150 to 500 feet bgs) often have poor quality 

water due to the presence of naturally occurring gas, oil, and hydrogen sulfide; the deep aquifer 

system (900 to 1,500 feet bgs) typically exhibits high yields of good quality water (Guernsey, 2002).   

 

The closest public water supply well that could be located was greater than 10 miles from the site.  A 

search of the Illinois State Geological Survey (ISGS) indicated one water well was located in the 

Township and Range of the site; the well is 210 feet deep and the owner is listed as Sager Lock 

Company. It does not appear that the company is still active at that location.   

 

Although there may be some individual private supply wells in the vicinity that do not appear in the 

ISGS database, it is highly unlikely, based on the depth of impact at the site and the low permeability 

soil matrix, that the site is within a recharge area for such wells. 

 

If additional information is required to meet this aspect of the exclusion, it will be provided in the 

ROD. 

 

• Part 742.320 d):  Groundwater contamination modeling was conducted to show that groundwater 

concentrations above Tier 1 groundwater remediation objectives are not present outside of an area 

where the local government has adopted an ordinance that effectively prohibits the installation of 

potable water supply wells.  In this case, the equivalent of that ordinance is Instruction 11130.1 

instituted by Naval Station Great Lakes that prohibits the installation of groundwater supply wells 

throughout Naval Station Great Lakes (Appendix G).  Additionally, as part of the LUC Implementation 

Plan for the site, Site 22 will be added to the LUC Memorandum of Agreement between Naval Station 

Great Lakes and the Illinois EPA.  A description of the modeling effort is included in Section 4.5.  

Because the modeling shows that the groundwater at the site boundary contains concentrations 

equal to or less than the Tier 1 objectives, this aspect of the exclusion is met. 

 

• Part 742.320 e):  Based on the information provided in response to c) and d) above, the 

concentrations within the setback zone for a potable water supply will meet Tier 1 objectives. 

120711/P 4-3 CTO 0009 



Naval Station Great Lakes 
ERH Treatability Study Report - Site 22 

Revision: 1 
Date: January 2008 

Section:  4.0 
Page:  4 of 6 

 
 

• Part 742.320 f):  The modeling described in Section 4.5 indicates that the groundwater discharging 

into Lake Michigan will meet the applicable criteria.  

 

4.5 GROUNDWATER MODELING 

Groundwater modeling for PCE detected in post-treatment groundwater at Site 22 was conducted to 

determine exposure concentrations and potential drinking water risks at a point of compliance 

downgradient of the site.  The model used to predict the concentrations was the modified Domenico 

transport equation that is listed as equation R26 in Appendix C, Table C, Part 742.810 of the Illinois 

Administrative Code (IAC).  This equation calculates the concentration of a contaminant downgradient of 

a slab-type source of constant concentration after equilibrium in the system has been attained (i.e., plume 

has achieved full expansion).  The modeling was based on the maximum PCE concentration detected in 

post-treatment groundwater at the site (16 µg/L at location NTC22MW10D).  Site-specific data were used 

for most of the input parameters.  These included: 

 
• Source dimensions 

• Soil porosity 

• Hydraulic conductivity 

• Hydraulic gradient 

• Distance to exposure point 

 

The chemical-specific First Order Degradation Constant for PCE was obtained from Table E in 

Appendix C of TACO.  The input parameters for each model run are presented in Table 4-3 and model 

calculations are presented in Appendix H. 

 

MODELING RESULTS 

The results of six model simulations are summarized in Table 4-3.  These include: 

 

• Two simulations to the east of the source 

• Two simulations to the west of the source 

• Two simulations south of the source 
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Two simulations were run in each direction to estimate concentrations at the site boundary located 

approximately 75 feet from the source and at the facility boundary located approximately 1,300 feet from 

the source. 

 

As shown in Table 4-3, the estimated concentration at the site boundary is 5 µg/L and meets the Tier 1 

objective for PCE and the predicted concentration at the facility boundary is several orders of magnitude 

less than the Tier 1 objective in the three directions evaluated.  Based on these modeling results, it can 

be concluded that groundwater will not transport PCE in concentrations that will adversely impact water 

quality at the boundaries of Site 22 or NS Great Lakes (i.e., at Lake Michigan).   

 

The models used for this evaluation are analytical solutions for modeling groundwater transport of 

contaminants in a very simplified manner.  Certain assumptions inherent in these models cause a 

significant amount of conservatism in the modeling results: 

 

• The source of PCE was assumed to be constant throughout each model simulation.  The model, as 

constructed, is overly conservative because it assumes that the concentrations of PCE at the source 

will remain constant and will not be depleted over time.  

 

• The maximum concentration detected in post-treatment samples was conservatively used to 

represent the contaminated groundwater. 

 

4.6 POST-TREATMENT RISK ASSESSMENT RESULTS 

This section presents the cancer and noncancer risk estimates for post-treatment soil and 

groundwater/pore water samples at Site 22 (Table 4-4).   

 

Quantitative risk estimates are compared to typical risk benchmarks to interpret the quantitative risks and 

to aid risk managers in determining the need for remediation at a site.  Calculated incremental lifetime 

cancer risks (ILCRs) are interpreted using the U.S. EPA's "target range" (1x10-4 to 1x10-6) and the Illinois 

EPA goal of 1x10-6, and noncarcinogenic hazard indices (HIs) are evaluated using a target value of 1.0.   

 

U.S. EPA has defined the range of 1x10-4 to 1x10-6 as the ILCR target range for most hazardous waste 

facilities addressed under the Comprehensive Environmental Response, Compensation and Liability Act 

and RCRA.  Individual or cumulative ILCRs greater than 1x10-4 are typically not considered as protective 

of human health, and ILCRs less than 1x10-6 are generally regarded as protective.  Risk management 
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decisions are necessary when the ILCR is within the 1x10-4 to 1x10-6 cancer risk range.  An HI exceeding 

1.0 indicates that there may be potential noncarcinogenic health risks associated with exposure.   

 

As shown in Table 4-4, post-treatment estimated cancer risks for construction workers and future 

occupational workers are less than the U.S. EPA's target risk range (1x10-4 to 1x10-6) and the Illinois EPA 

goal of 1x10-6. Cancer risks for hypothetical future residents are within the U.S. EPA target risk range and 

slightly exceed the Illinois EPA goal.  Post-treatment noncarcinogenic HIs are less than the U.S. EPA and 

Illinois EPA goal of 1.0. 

 

For purposes of comparison, pre-treatment risks calculated in the RI/RA are presented Table 4-3.  As 

indicated in Table 4-4, post-treatment cancer and noncarcinogenic risks are one to two orders of 

magnitude less than the pre-treatment risks.  
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TABLE 4-1

SUMMARY OF DESCRIPTIVE STATISTICS  AND COMPARISONS FOR TREATABILITY STUDY
SURFACE/SUBSURFACE SOIL DATA - ROUNDS 3/4 

SITE 22 - BUILDING 105 OLD DRY CLEANING FACILITY
NAVAL STATION GREAT LAKES, ILLINOIS

Parameter Frequency of 
Detection Range of Detects Range of 

Nondetects Maximum Sample with Maximum 
Concentration

Average of 
Positive 
Results

Average of All 
Results(1)

Illinois TACO for 
Soil Ingestion(2)

Illinois TACO for 
Soil Inhalation-
Residential(2) 

Illinois TACO for 
Soil Inhalation-

Industrial(2)

Illinois TACO for 
Soil Inhalation-
Construction(2)

Illinois TACO 
Leachability to 

GW Residential(2) 

Region 9 
Residential Soil 

PRGs(3)

Volatiles (ug/kg)
1,1-DICHLOROETHENE 1/15 1.1  J - 1.1  J 4.6 - 700 1.1 NTC22SB150001R2 1 110 700000 1500000 1500000 300000 60 120000
VINYL CHLORIDE 1/15 0.48  J - 0.48  J 4.6 - 700 0.48 NTC22SB150001R2 0.5 110 460 280 1100 1100 10 79
TRANS-1,2-DICHLOROETHENE 2/15 2.7  J - 8 4.6 - 700 8 NTC22SB150001R2 5 110 1600000 3100000 3100000 3100000 700 69000
CIS-1,2-DICHLOROETHENE 6/15 2.5  J - 250 5.4 - 470 250 NTC22SB211314R2 120 120 780000 1200000 1200000 1200000 400 43000
TRICHLOROETHENE 11/15 0.55  J - 4000 5.4 - 280 4000 NTC22SB221819R3 470 370 58000 5000 8900 12000 60 2900
TETRACHLOROETHENE 13/15 3.5  J - 19000 4.6 - 5.4 19000 GL95105S120001R2 4300 3700 12000 11000 20000 28000 60 480
Miscellaneous Parameters
PERCENT SOLIDS 15/15 79.3 - 89.7 -- 79.3 - 89.7 NTC22SB191920R2 84.6 84.6 NA NA NA NA NA NA

Shaded chemical names indicate that the maximum chemical concentration exceeds the minimum criteria. Associcated Samples:
The original and field duplicate samples are counted as one sample in the frequency of detections. GL95105S120001R2 NTC22SB10D1012R3 NTC22SB200607R2
1 - The average concentrations were calculated by using one-half the detection limit for non-detects. GL95105S120203R2 NTC22SB150001R2 NTC22SB210910R2
2 - Illinois EPA (February 2003). NTC22SB05S0001R2 NTC22SB151112R3 NTC22SB211314R2
3 - U.S. EPA Region 9 PRGs (USEPA, October 2004). NTC22SB06D0708R2 NTC22SB191920R2 NTC22SB220708R2
J - Positive result is estimated as a result of a value less than the reporting limit or a technical noncompliance. NTC22SB06D0708R2-D NTC22SB191920R2-D NTC22SB221819R3

NTC22SB10D0708R2 NTC22SB200203R2



TABLE 4-2

SUMMARY OF DESCRIPTIVE STATISTICS  AND COMPARISONS FOR TREATABILITY STUDY 
GROUNDWATER (PORE WATER) DATA

SITE 22 - BUILDING 105 OLD DRY CLEANING FACILITY
NAVAL STATION GREAT LAKES, ILLINOIS

Parameter Frequency of 
Detections

Range of 
Detects

Range of 
Nondetects

Sample with 
Maximum 

Concentration

Average of 
Positive 
Results

Average of All 
Results(1) Maximum

IL TACO 
Groundwater 

Ingestion Tier 1 (1)

Region 9 Tap 
Water(2)

Volatiles (ug/L)
CHLOROMETHANE 1/3 0.38 J 1 NTC22MW06SR 0.38 0.46 0.38 NA 160
CIS-1,2-DICHLOROETHENE 3/3 0.21 J - 2.3  --- NTC22MW06SR 1.3 1.3 2.3 70 61
TETRACHLOROETHENE 3/3 1.2 - 16  --- NTC22MW10DR 8.8 8.8 16 5 0.1
TRICHLOROETHENE 2/3 1.2 - 5.2 1 NTC22MW06SR 3.2 2.3 5.2 5 1.4

Shaded chemical names indicate that the maximum chemical concentration exceeds the minimum criteria.
The original and field duplicate samples are counted as one sample in the frequency of detections.
1 - Illinois EPA (February 2003).
2 - USEPA Region 9 PRGs (USEPA, October 2004).
J - Positive result is estimated as a result of a value less than the reporting limit or a technical noncompliance.

Associated Samples:
NTC22MW06SR
NTC22MW10SR
NTC22MW10DR



TABLE 4-3

POST-TREATMENT PCE MODELING INPUT PARAMETERS AND RESULTS 
SITE 22 - FORMER BUILDING 105 OLD DRY CLEANING FACILITY

NAVAL STATION GREAT LAKES, ILLINOIS

Source 
Width

Source Depth 
or Thickness

Soil Porosity 
(site-specific)

Hydraulic 
Conductivity 

(1)

Hydraulic 
Gradient

1st Order 
Degradation 
Constant for 

PCE

Concentration 
of PCE at 
Source

Distance from 
Source to 
Exposure 

Point

Concentration 
of PCE at 

Exposure Point

(ft) (ft) (unitless) (ft/day) (ft/ft) (days-1) (ug/L) (ft) (ug/L)
20 15 0.35 0.796 0.264 (east) 0.00096 16 75 5
20 15 0.35 0.796 0.168 (south) 0.00096 16 75 5
20 15 0.35 0.796 0.119 (west) 0.00096 16 75 5
20 15 0.35 0.796 0.264 (east) 0.00096 16 1300 0.006
20 15 0.35 0.796 0.168 (south) 0.00096 16 1300 0.003
20 15 0.35 0.796 0.119 (west) 0.00096 16 1300 0.001

1. Arithmetic mean conductivity for shallow groundwater.



TABLE 4-4

SUMMARY OF HUMAN HEALTH RISKS
SITE 22 - FORMER BUILDING 105 OLD DRY CLEANING FACILITY

NAVAL STATION GREAT LAKES, ILLINOIS

Receptor
PRE-TREATMENT CANCER RISKS POST TREATMENT CANCER RISKS

Surface 
Soil

Subsurface 
Soil

Groundwater/ 
Pore Water

Surface 
Soil

Subsurface 
Soil

Groundwater/ 
Pore Water

Construction Worker 2x10-5 4x10-6 6x10-5 2x10-7 1x10-7 2x10-8
Occupational Worker 3x10-5 1x10-5 2x10-6 1x10-6 9x10-7 1x10-7
Future Child Resident 1x10-4 3x10-5 3x10-5 2x10-6 1x10-6 1x10-7
Future Adult Resident 1x10-4 3x10-5 5x10-5 2x10-6 1x10-6 2x10-7
Future Resident (Child + Adult) 2x10-4 6x10-5 8x10-5 3x10-6 2x10-6 3x10-7

Receptor
PRE-TREATMENT NONCANCER RISKS POST TREATMENT NONCANCER RISKS

Surface 
Soil

Subsurface 
Soil

Groundwater/ 
Pore Water

Surface 
Soil

Subsurface 
Soil

Groundwater/ 
Pore Water

Construction Worker 26 4 8 0.4 0.6 0.06
Occupational Worker 0.2 0.06 0.02 0.01 0.01 0.003
Future Child Resident 3 1 1 0.06 0.06 0.01
Future Adult Resident 1 0.2 0.5 0.01 0.02 0.004
Future Resident (Child + Adult) NA NA NA NA NA NA

NA - Not applicable.
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5.0  CONCLUSIONS AND RECOMMENDATIONS 

5.1 SUMMARY AND CONCLUSIONS 

The following is a summary of the results of the ERH treatability study and the conclusions drawn: 

 

• The ERH technology was successfully designed, installed, operated, and removed with no 

detrimental impact to NS Great Lakes facility operations.       

 

• Electricity was transferred to the subsurface via 16 electrodes installed at the site.  The subsurface 

temperature was measured by three sets of subsurface TMPs.  Vapors were recovered from the 

subsurface, and cVOC concentrations of the vapor stream were measured in the field and laboratory. 

 

• The maximum subsurface temperature achieved was 109 degrees Celsius, and subsurface 

temperatures throughout the ERH treatment volume exceeded 90 degrees Celsius and were 

maintained, providing evidence that boiling conditions were achieved at depth across the treatment 

volume and exceeding the project goal. 

 

• Based on vapor stream sample concentrations obtained during the ERH treatability study, the 

greatest mass of cVOCs was extracted during the period when the average temperature of the 

treatment area was between 76 and 86 degrees Celsius.  

 

• An estimated 1,200 pounds of cVOCs were removed from the treatment area through the vapor 

recovery system, meeting the project goals. 

 

• Data from a baseline sampling event and four interim soil sampling events were evaluated to 

determine the performance of the demonstration. Fifteen soil samples were collected from nine 

locations and several depths within the treatment area. 

 

• The average cVOC concentration in the soil within the treatment area was reduced by 99 percent 

from a pre-remediation concentration of 445 mg/kg to 4 mg/kg.  This exceeded the project goal of 

95.5-percent reduction.  

 

• Pore water concentrations in the monitoring well located in the treatment area were reduced by 

99 percent, meeting the project goals. 
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• Utilizing post-remediation sample concentrations, an HHRA was conducted.  The noncancer risks 

were less than the Illinois EPA goal of 1.  The maximum cancer risk is 3 x 10-6, within the U.S. EPA 

target risk range and only slightly greater than the Illinois EPA goal.  Cancer risks for all receptors 

were reduced by one to two orders of magnitude. 

 

• The exclusion of the Groundwater Ingestion Exposure Route, as provided in Subpart C of TACO, Part 

742.320, applies at this site. 

 

5.2 RECOMMENDATIONS 

Based on the significant mass removal, concentration reductions, and risk reductions achieved, no 

additional active remediation is recommended for this site.  However, because of residual cVOC 

concentrations, LUCs should be put in place to limit exposure to groundwater and soil at the site.  These 

LUCs will be detailed in the LUC Remedial Design document to be submitted following approval of the 

Proposed Plan and Record of Decision (ROD) for the site, and in general will include the following: 

 

• Maintaining the prohibition on use of groundwater that is in force throughout NS Great Lakes as 

detailed in the LUC Memorandum of Agreement (Naval Station Great Lakes, 2003).  Site 22 will be 

formally added to the Navy and Illinois EPA LUC Memorandum of Agreement. 

 

• Requiring that the NS Great Lakes Environmental Department be notified prior to intrusive work 

being conducted at or near the site.  A site safety plan to address possible worker exposure to the 

soil and shallow groundwater will be developed and implemented to address the intrusive work. 

 

• Maintaining the existing cap system (high-density polyethylene and asphalt parking lot) and 

inspecting the area on an annual basis. 

 

• Restricting the property use to industrial and commercial purposes. 

 

• Requiring that soil removed from this area during future activities is managed in accordance with 

35 Illinois Administrative Code, Subtitle G: Waste Disposal. 

 

Based on the results of this treatability study and the recommendations above, corrective actions at 

this site have been completed and RCRA interim status closure is appropriate for the RCRA 
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hazardous waste management unit associated with Site 22 and NS Great Lakes.  Therefore, the 

following completed forms are included with this document (Appendix I): 

 

• Illinois EPA RCRA Corrective Action Certification.  This form certifies that the corrective action was 

completed in accordance with the requirements of the NS Great Lakes RCRA permit.  This is certified 

by the owner/operator (NS Great Lakes), the licensed professional overseeing the activities (Robert 

Davis, PE, of TtNUS), and the analytical laboratory (Severn Trent Laboratories, Inc.). 

 

• RCRA Interim Status Closure Certification Form.  This form certifies that the hazardous waste 

management unit has been closed in accordance with a plan approved by Illinois EPA and must be 

attached to the report that demonstrates closure.  This is certified by the owner/operator and the 

licensed professional overseeing the activities. 
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EXECUTIVE SUMMARY 

This report presents the results of the Electrical Resistance Heating (ERH) project performed 
at the Naval Station Great Lakes in Great Lakes, Illinois.  Based upon soil sampling over the 
life of the study, the ERH system successfully accomplished the project goal by reducing 
tetrachloroethene (PCE) concentrations in soil by an average of 99 percent. 
 
Thermal Remediation Services, Inc. (TRS) has prepared this report on behalf of the 
Department of the Navy, Southern Division Naval Facilities Engineering Command under 
subcontract to Tetra Tech NUS (TTNUS).  The information presented in this report is based 
on data collected from various media before and during ERH operations. 
 
The ERH project was conducted by the Navy to remediate source area contaminants from a 
former dry cleaning facility. The goal of the project was to reduce baseline concentrations of 
PCE in soil to less than 20 milligrams per kilogram (mg/kg).  It was calculated that doing so 
would remove 96% of the estimated PCE mass from source area soil.   
 
Because previous investigations had identified contamination at variable depths, the ERH 
treatment volume was shaped as an elongated wedge. To effectively treat the most impacted 
portions of the source area, the electrodes were designed to heat portions of the site from as 
shallow as 1 foot below grade surface (bgs) to as deep as 26 feet bgs. The final treatment area 
and treatment volume measured 2,400 square feet and 1,400 cubic yards, respectively. 
 
The ERH system incorporated 16 electrodes, each with a co-located vapor recovery (VR) 
well.  Subsurface temperatures were measured using 14 thermocouples placed at set depth 
intervals within three temperature monitoring points (TMP). 
 
Recovered steam and soil vapors were condensed in the ERH condenser before releasing the 
VOCs to the atmosphere. Condensed steam was either evaporated in the systems cooling 
tower, or returned to the subsurface at the electrodes.  Vapor phase granular activated carbon 
(GAC) vessels were onsite to treat the vapor stream if the chlorinated volatile organic 
compounds (CVOC) emission rate exceeded 8 pounds per hour. 
 
ERH operations lasted 134 days and a total of 632,866 kilowatt hours (kW-hrs) of energy 
were applied to the subsurface.  The maximum subsurface temperature achieved was 109 
degrees Celsius (ºC), while the maximum average temperature within the treatment volume 
was 90.0 ºC.  
 
Based upon vapor sampling collected weekly or biweekly after the peak extraction, an 
estimated 1,200 pounds of total chlorinated volatile organic compounds (CVOCs) were 
removed by volatilization during the ERH Project. Samples obtained from fifteen separate 
locations indicated that the average concentration of PCE in treatment area soil had been 
reduced to 4.09 mg/kg, a 99% reduction from the average baseline value of 445.32 mg/kg.  
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1.0 Introduction 
 
This report presents the results of the ERH project conducted at the Naval Station Great 
Lakes located in Great Lakes, Illinois.  ERH was applied to decrease the average PCE 
concentration in soil within the treatment volume to less than 20 mg/kg.  This document was 
prepared by TRS for TTNUS under Subcontract No.1007413 and the Department of the 
Navy, Southern Division Naval Facilities Engineering Command under Contract Number 
N62467-04-D-0055/ CTO0009. 

2.0 ERH Performance Goals and Design Specifications 
 
The Naval Station Great Lakes ERH project was a guaranteed cleanup with TRS operating 
until the goal was achieved with no change in cost.  The primary performance goal of the 
project was to reduce the average concentration of PCE in soil within the treatment volume 
from 445 mg/kg to 20 mg/kg.  Achieving this reduction in average PCE concentrations 
would effectively reduce contaminant mass in the source area by 96%.  
 
The amount of energy needed to be input to the source area during the ERH remediation to 
achieve a 96% reduction in contaminant mass was originally estimated to be 325,000 kW-hr.  
It was also estimated that 8 weeks of ERH operations would be required to input the energy 
necessary for a successful cleanup.  The actual amount of energy applied was 632,866 kW-
hrs over 19 weeks of operations.  A copy of the treatment area plot plan, electrode design, 
trenched electrode design and process flow have been attached as Figures 1-4. 
 
The treatment volume was shaped like a long wedge measuring 2,400 square feet in surface 
area with a total volume of 1,400 cubic yards.  The ERH system used 16 electrodes with the 
primary heating zone extending from 1 foot bgs to depths ranging from 9 to 26 feet bgs, 
depending on location.   

3.0 System Construction 
 
Construction of the ERH system began on April 17, 2006 with the placement of the surface 
equipment, including the Power Control Unit (PCU), steam condenser, cooling tower, 6,000 
gallon holding tank and 40 horsepower vapor recovery blower package.  Marking of the 
subsurface utilities, confirmatory soil sample locations and electrode locations was also 
performed.  
 
To monitor subsurface temperatures, three TMPs were installed within the treatment area. 
Within each TMP, individual thermocouples were spaced every five feet through the zone of 
heating to automatically record subsurface temperatures in the treatment volume and allow 
for the creation of subsurface heating profiles. 
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A total of 16 electrodes with co-located VR wells were installed across the source area.  A 
copy of the treatment area plot plan has been attached as Figure 1 
 
Drilling started on April 24 and was completed on May 1, 2006.  TTL, Inc. used a hollow 
stem auger rig to advance the boreholes for each co-located electrode/VR well to their design 
depths.  Due to buried utilities oriented along Sampson Street, the two electrodes in the “H” 
row were moved two feet into Sampson Street and were finished below grade.  These 
electrodes were completed 18 inches below grade to isolate them from the vehicle and 
pedestrian traffic on Sampson Street.  The other electrodes were completed above grade in 
accordance with the original system design. A copy of the electrode design and trenched 
electrode design are attached as Figures 2 and 3. 
 
Four electrodes and one TMP were installed to a total depth of 9 feet bgs on the western side 
of the site, designated as Area 3.  Temperature monitoring depths in Area 3 were established 
at 1, 5 and 8 feet bgs.  The central portion of the site was designated as Area 2 and a total of 
nine electrodes and one TMP were installed to 18 feet bgs. Temperature monitoring depths 
were set at 1, 5, 10, 15, and 18 feet bgs.  Treatment in the eastern side of the site, Area 1, 
extended the deepest with three electrodes and one TMP installed to 26 feet bgs.  
Thermocouples in the Area 3 TMP were placed at 1, 5, 10, 15, 20, and 25 feet bgs.  A design 
change was made to the electrodes in the “G” row resulting in the conductive interval of each 
electrode being lowered to 6 feet bgs due to the existence of an abandoned steam chase.   
 
Surface construction, including VR piping and electrical supply cabling to the electrodes/VR 
wells, was completed during the week following drilling.  TRS installed vapor phase GAC 
vessels for the potential treatment of extracted CVOCs on May 8, 2006.  The system was 
fully constructed and ready for operational testing on May 8, 2006.  A copy of the system 
process flow diagram has been attached as Figure 4. 
 
The primary electrical service was delivered to the system from a high voltage switch located 
200 feet west of the site along Porter Avenue.  A horizontal boring was installed to carry the 
13,200 volt service to a 500 kW step down transformer located inside the equipment 
compound.  A service disconnect switch and meter were installed on transformer before final 
inspection by Great Lakes facility management.  The installation was approved for operation 
and energized on May 22, 2006. 

4.0 System Startup 
 
System startup and shakedown began on May 22-23, 2006.  Once the electrical and VR 
connections were complete, power was applied to the VR blower and steam condenser so 
that they could be tested.  After proper operation of the internal and external interlocks for 
each system component was verified, TRS applied power to the electrodes so that startup 
step and touch voltage safety testing could be performed.  Interlocks are connected between 
each unit of equipment to ensure the electrodes are de-energized in there is a lose of vapor 
recovery or an internal malfunction. No voltage potentials greater than the 15-volt limit 
established by TRS were found at the site. 
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With the initial voltage safety survey complete, the applied voltage to the subsurface was 
slowly increased throughout the remainder of the day.  With each voltage increase, checks 
for surface voltage were performed and results recorded.  In no instance did readings exceed 
the TRS 15-volt limit. 
 
The ERH system was left offline overnight and additional performance and safety testing 
was conducted the following day.  The ERH system was deemed fully operational on May 
24, 2006 and the project status moved from the Startup phase to the Operations phase.   
 
During ERH startup and early operations, step and touch voltage potentials in and around the 
electrode field were monitored frequently to make sure public and worker safety from 
electrical hazards.  When the applied voltage to the subsurface was raised to 240 volts, TRS 
obtained step and touch voltage readings on the perimeter fence in the vicinity of electrodes 
H3 and H4 that were nearing the TRS established 15-volt limit.   
 
To address this concern, TRS replaced a portion of the metal fence along Sampson Street 
with a wooden panel fence that extended 15 feet north and south of electrode row “H”.  As 
an additional precaution, the concrete and asphalt extending three feet on either side of the 
wooden fence was painted with an isolating dielectric paint.  The wooden fence eliminated 
potential voltage hazards from ground to the fence and the paint insulated the surface from 
the pavement underneath.  To monitor surface voltages over time, step and touch readings in 
and around the entire electrode field were collected during every TRS site visit.  These 
efforts were taken to make sure on-going site safety. 

5.0 Noise Abatement 
 
To make sure that the system met the noise abatement criteria of 60 decibels (dB) at the 
perimeter fence, custom noise abatement mufflers were installed on each of the system’s 
cooling fans and blowers.  Noise testing conducted upon system startup verified that the 60 
dB noise restriction had been met.   

6.0 Soil Sampling 
 
Soil sampling was conducted during the ERH system operations to measure the amount of 
contamination remaining in the treatment area and to guide operational changes intended to 
optimize remediation efforts towards the most impacted portions of the site.  The results of 
each sampling event are presented in Table 1.  The same data is shown graphically in Figure 
5. 
 
The first round of interim soil sampling was conducted on July 11, 2006.  The electrode field 
was reconfigured on July 20, 2006 after sampling results indicated that the site cleanup 
criteria had been achieved in the western portion of the treatment area.  TRS removed four 
electrodes from service in order to reduce the amount of energy being applied to areas that 
had achieved the cleanup goal. 
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The PCE concentration goal of 20 mg/kg had not been met at eight of the fifteen sampling 
locations and the reduction in treatment area size was intended to target the areas that 
required further remediation.  One such location was the area surrounding SB-19, where 
concentrations of total CVOCs in soil measuring 3,305 mg/kg were recorded during the July 
11, 2006 interim sampling event.  This value was more than twice the highest total CVOC 
concentration previously reported at the site. 
 
The second round of interim soil sampling was conducted on August 8, 2006.  Only the five 
sampling locations that greatly exceeded the cleanup goal during the July 11, 2006 sampling 
event were re-sampled.  Analytical results indicated that only one of these five sample 
locations remained above the cleanup criteria and the treatment area was reconfigured a 
second time to target that one location.   
 
On August 3, 2006, TRS determined that the connection between the PCU and electrode H3 
had been lost and that the fault was within the four foot section of utility trenching extending 
from the site under Sampson Street to the electrode.  Once the soil analytical results from the 
second round of interim soil sampling indicated that the area surrounding electrode H3 was 
still impacted above the remedial goal, the electrode was repaired on August 15, 2006 and 
placed back in service.      
 
A third round of interim sampling was conducted on September 12, 2006.  The third interim 
sample event retested the 15 sampling locations, with the results indicating a decrease at 
location SB-19 from 1,033 mg/kg to 0.005 mg/kg.  However, three locations showed an 
increase from previously low concentrations.  The electrode array was again reconfigured to 
target the three sample locations that remained above the guaranteed cleanup goal.   
 
A fourth and final round of sampling completed on September 28, 2006 indicated that the 
reductions in PCE concentration needed to meet the project cleanup goals had been achieved 
at every sample location. 
 

Table 1. Summary of Soil Sampling Results, PCE (mg/kg) 
 

 
 

Sample ID 

 
Depth 

(feet bgs) 

 
Baseline 
(mg/kg) 

Interim 
7/11/06 
(mg/kg) 

Interim 
8/8/06 

 (mg/kg) 

Interim 
9/12/06 
(mg/kg) 

Final 
9/28/06 
(mg/kg) 

 
Percent 

Reduction 
SB-20 6-7 26 11 NS 3.3 NS 86.9% 
SB-21 9-10 16 57.7 0.92 0.4 NS 97.5% 
SB-21 13-14 183 221 0.78 1.3 NS 99.3% 
SB-22 7-8 19 0.002 NS 0 NS 100% 
SB-22 18-19 200 0.79 NS 62.4 15.0 92.5% 
105S-13 2.5- 3 1,500 58.1 0.01 1.1 NS 99.9% 
MW-05S 0-1 190 4.5 NS 0.6 NS 99.6% 
105S-12 0-0.5 370 20.9 NS 19.3 NS 94.8% 
10-105S-12 2.5-3 600 21.2 NS 3.2 NS 99.4% 
SB-19 19-20 584.9 3,305.7 1,033 0 NS 100% 
SBGP-04 8-12 550.8 36.1 NS 0 NS 100% 
MW-10D 9-11 133 0.35 NS 192.2 15.3 88.4% 
SB-15 0-1 829.7 3.1 NS 0.2 NS 99.9% 
SB-15 11-12 590 255.3 15.8 94.1 1.0 99.8% 
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MW-06D 7-8 886.4 2.5 NS 0.2 NS 99.9% 
Average  445.3 266.5 76.6 25.2 4.09 99.08% 
Notes: 
NS-Not Sampled 
The final average percent reduction was calculated by using the lowest concentration from the 9/12/06 and 
9/28/06 sample events 
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Figure 5. Contaminant Concentrations with Time  
 

The first round of interim soil sampling re-sampled the 15 baseline sampling locations once 
the ERH system had input the amount of energy initially estimated to be sufficient to achieve 
the cleanup criteria.  The concentrations of PCE in soil at seven of the 15 sampling locations 
were reduced to below the cleanup guarantee of 20 mg/kg.  The average PCE concentrations 
from the sampling locations indicated a 41% reduction to 266.5 mg/kg from a baseline value 
of 445.3 mg/kg. 
 
The second interim sampling event was scheduled because the concentrations of PCE in the 
recovered vapor stream had decreased from a maximum of 1,290 micrograms per liter (µg/l) 
to less than 400 µg/l.  During the second soil sample event, the five locations that greatly 
exceeded the guaranteed cleanup criteria during the initial interim sampling event were re-
sampled.  The concentrations of PCE in soil at three of the five sampling locations were 
reduced to less than 1 mg/kg, with another reduced to 15.8 mg/kg.  PCE concentrations in 
soil at the fifth sampling location (SB-19 at 19-20 feet) decreased by 69% but remained 
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above the cleanup guarantee.  The result of the second interim sampling event was an 
average site PCE in soil concentration of 76.6 mg/kg.   
 
The third interim sampling event was performed once a 95% reduction in the peak vapor 
stream concentrations of PCE had been achieved.  PCE concentrations at the one sampling 
location still exceeding cleanup criteria during the previous sampling event, SB-19 at 19-20 
feet, decreased to less than 0.005 mg/kg.  However, three sampling locations where PCE 
concentrations had previously been measured below the cleanup guarantee had increased 
enough to hold the site average PCE concentration in soil at 25.2 mg/kg.   
 
The fourth, and final, sampling event showed that PCE concentrations at the three remaining 
sampling locations had decreased to less than 15.3 mg/kg and lowered the site average PCE 
concentration in soil to 4.09 mg/kg, which represented a reduction of 99% from baseline.  
That reduction met the projects goal of industrial land use criteria less than 20 mg/kg of PCE.   

7.0 Water Balance 
 
Operation of the ERH system produced a negative gradient on the groundwater table 
surrounding the treatment volume as the system extracted more water than was reintroduced 
as electrode re-wetting drip.  The total volume of water entrained from the subsurface or 
removed from the treatment area as condensate was 195,368 gallons, while the ERH system 
returned only 179,140 gallons of water to the vadose zone to maintain proper moisture 
content in the subsurface for efficient ERH application. 
 
Water removed from the treatment volume was treated by the condenser cooling tower.  The 
cooling tower acts like an air stripper and recovered water makes hundreds of passes before 
being returned to the subsurface.  Surplus water, combined with the potable makeup water 
initially added to the system at startup, was evaporated from the cooling tower during the 
operations period.  Laboratory results from a sample of the cooling tower water collected on 
May 30, 2006 (approximately 1 week after startup) showed no CVOCs were detected in the 
cooling tower water.  The laboratory results are provided in Attachment B. 

8.0 System Operations and Shutdown 
 
The ERH system operated for 134 days with power being applied on 125 of those days. 
Power input was stopped for a combined total of 6 days to allow for the four soil sampling 
events and an additional 3 days for general system maintenance and repair.  
 
At the instruction of the Navy and TTNUS, power application to the field was stopped on 
October 4, 2006, following receipt of analytical data indicating that the guaranteed remedial 
goal for the project had been met.  The vapor recovery blower and steam condenser remained 
operational until October 16, 2006 to make sure that additional contaminant vapors that may 
have been present in the subsurface were collected. 
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9.0 Vapor Stream Analyses 
 
TRS collected CVOC vapor stream samples weekly during the first 7 weeks of the ERH 
operating period using Tedlar bags.  These samples were then delivered to an off site 
laboratory for analyses and the laboratory reports are provided in Attachment A.  The 
sampling frequency decreased to bi-monthly after the peak contaminant extraction rate had 
passed.  The analytical results from these sampling events are summarized in Table 2.  Based 
on the vapor data collected in the off-gas stream, TRS estimates that approximately 1,200 
pounds of contaminants were removed by volatilization during the ERH application.  
 
The vapor stream flow rate was measured daily by the PCU automated software and 
multiplied by the CVOC concentration for each sample date to calculate mass removal rates.  
Tracking of the total mass removed in the vapor stream began on May 24, 2006 using the 
assumption that the initial concentration of CVOCs in the vapor steam was zero.  The mass 
removed between two subsequent sampling periods was calculated by averaging the rate of 
extraction between the two consecutive sampling events.   
 

Table 2. Vapor Stream Concentration Results 
 

 
 

 
Sampling  

Date 

 
 
 

PCE 
(µg/L) 

 
 
 

TCE 
(µg/L) 

 
 
 

PID 
(ppm) 

 
CVOC 

Removal  
Rate 

(lbs/hr) 

CVOCs 
Removed 

during 
period 
(lbs) 

 
 

Flow 
rate 

(scfm) 

 
Average 

Subsurface 
Temperature

(°C) 

 
Hours 

between 
sample 
events 

5/25/05 84.9 ND 12 0.07 0.9 210 17 27 
5/31/06 1,060 ND 319 0.83 63.7 210 31 142 
6/7/06 854 ND 198 0.72 133.6 225 53 172 
6/13/06 780 ND 260 0.58 93.0 198 65 143 
6/21/06 1,140 ND 383 0.88 138.8 205 76 191 
6/27/06 1,290 ND 596 1.26 152.4 261 81 143 
7/5/06 1,050 ND 400 0.82 203.6 209 86 196 
7/18/06 460 11.2 146 0.36 183.8 205 86 311 
8/1/06 399 ND 68.5 0.31 112.5 210 89 333 
8/16/06 40 ND 35 0.03 63.0 205 88 366 
8/30/06 67.1 3.62 26.7 0.05 13.6 193 80 331 
9/7/06   19.8 0.04 8.7 191 77 192 
9/21/06   23 0.04 13.4 230 84 336 
10/4/06   21 0.04 12.5 202 93 312 

10/16/06   4 0.01 7.2 205 71 288 
    Total 1,200.4    

Notes: 
TCE = trichloroethylene 
PID = photo ionization detector 
ppm = parts per million 
lbs/hr = pounds per hour 
lbs = pounds 
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SCFM = standard cubic feet per minute 
 
TRS installed vapor phase GAC units to be used as a vapor treatment system if the rate of 
contaminant extraction from the subsurface exceeded 8 pounds of CVOCs per hour.  Based 
on the results of vapor sampling, the GAC vessels were left off-line throughout the entire 
ERH application. 
 
Weekly sampling included field measurements with a photo ionization detector (PID) and the 
collection of samples in Tedlar bags for laboratory analyses.  These sampling events were 
used to make sure compliance with vapor release permits and to calculate CVOC mass 
removal rates and the cumulative CVOC mass removed during ERH operations.  The weekly 
vapor stream sample results were a key indicator of changing subsurface conditions and 
helped to determine what, if any, adjustments needed to be made to the ERH system 
operating conditions.   
 
On July 5, 2006, the laboratory CVOC concentrations and PID results showed a decrease 
indicating the peak vapor contaminant extraction rate had passed.  PID readings continued to 
be collected on a weekly basis to verify the peak vapor rate had passed and biweekly 
laboratory analysis of the vapor stream was conducted.  The PID results consistently 
mirrored laboratory results and gave sufficient indication as to whether the air emission limit 
was being approached.  Had the PID vapor stream concentration increased significantly, the 
collection of samples for laboratory analysis would have been reinstated. 
 
Figure 6 illustrates the concentration of PCE in the vapor stream, in µg/l, as determined by 
the laboratory samples over time.  This data is compared to PID reading taken from the same 
stream at the same time.  The average subsurface temperature at the time of sampling has 
been included for reference. 
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Vapor Stream Concentration vs. Time
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Figure 6. Vapor Concentrations and Temperature versus Time 

 

10.0 Subsurface Temperatures 
 
The subsurface temperature of the treatment area was measured using 14 thermocouples 
distributed among three TMPs.  The PCU system control program was utilized to 
automatically read each thermocouple daily.  The number of thermocouples per TMP 
corresponds to the depth of active heating where a specific TMP was located.  At each TMP, 
thermocouples were separated by 5-foot depth intervals except for the 1-foot and 8-foot 
intervals.  
 
The ¾-inch CPVC TMP casings were installed at the same time as the electrodes using 
hollow stem auger.  The locations of the TMPs were selected to be spaced the furthest 
distance possible from the surrounding electrodes so as to monitor the coolest portions of the 
treatment area (Figure 1). 
 
Prior to ERH application, the average subsurface temperature was 15.5°C.  During ERH 
operations, subsurface temperatures in the treatment volume increased to an average of 90°C.  
The top and bottom of the treatment area typically appear cooler than the center primarily 
due to heat loss to the surrounding media.  Additionally, airflow enhances evaporation within 
the shallow region of the site which, when combined with the applied vacuum, results in 
reduced boiling temperatures.  When the top and bottom interval values are removed from 
the calculation of average temperatures, the subsurface temperature profile indicates that a 
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maximum average temperature of 100°C was achieved throughout most of the treatment 
volume. 
 
The average heat-up rate naturally decreases as individual thermocouple locations reach their 
respective boiling temperature at depth.  From May 26 through June 18, 2006, the average 
subsurface temperature increased from just above ambient (18°C) to 76°C.  The 58°C 
increase over the 24 day period equals an average heat-up rate of 2.5°C/day.  A maximum 
heat-up rate of 3.8°C/day was achieved from June 1 through June 3, 2006. 
 
The average subsurface heat-up rate slowed significantly after June 19, 2006, ranging from 
1.0°C/day to zero, as many of the subsurface locations achieved boiling temperatures.  The 
temperature performance of each thermocouple within each TMP varies greatly as the 
dynamics of energy input versus heat loss combine with the heterogeneity of the subsurface 
to make each temperature monitoring location perform in a unique manner.  The maximum 
temperature achieved at each individual thermocouple is listed in Table 3. 
 

Table 3.  Maximum Temperatures Achieved (°C) 
 

Depth (ft bgs) Area 1 Area 2 Area 3 
1 100 61 82 
5 103 100 100 
10 105 102 96 
15 109 103  
20 103 99  
25 81   

 
Figure 7 depicts the average temperatures at each TMP location over time from the initial 
baseline readings collected on May 23, 2006 through the last day of ERH operations on 
October 4, 2006.  Rapid reductions in temperature are seen in those portions of the site (Area 
2 and 3) that were removed from service and where active ERH application stopped.  A rapid 
return to boiling conditions is also seen in Area 2 that were returned to service after increased 
concentrations were noted in the results from subsequent soil sampling events. 
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Temperature vs Time
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Figure 7.  Average Subsurface Temperature versus Time 

11.0 Power and Energy 
 
From the start of power application to the treatment volume on May 23, 2006, a total of 
632,866 kW-hrs of energy was applied to the subsurface.  The energy required to remove the 
contamination was approximately twice the estimated amount of 328,000 kW-hr.  This is due 
primarily to extending the operating time to target areas requiring treatment.  
 
The average rate of power application over the entire project was 196 kilowatts (kW), with 
an application range of 130 kW to 318 kW over the course of the remediation.  During the 
primary heat-up stage of operations, the system applied power at a rate of 250 to 318 kW in 
an attempt to get the best temperature increase versus time.  After the treatment area average 
temperature reached 80°C, the applied power naturally decreased to a range of 180 to 220 
kW as the reduction in soil moisture reduced electrical conductivity.  Several changes were 
also made to the number of electrodes on service in an attempt to treat the area more 
efficiently and reduce energy consumption. 
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Figure 8 represents the average weekly power application over the life of the ERH 
application. 
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Figure 8.  Average Weekly Power Input 

12.0 System Demobilization 
 
The electrodes were de-energized on Wednesday, October 4, 2006 and the electrical output 
from the PCU was locked out of service.  The vapor recovery system continued operating 
until October 16, 2006, when it was shut down. 
 
TRS personnel were on-site the week of October 16, 2006 for system demobilization, 
including decommissioning of the ERH equipment, electrode abandonment, and surface 
component decontamination and disposal.  The PCU, steam condenser, and vapor recovery 
blower package were transferred offsite on October 19, 2006. The GAC and excess water 
holding tank had previously been taken offsite on August 18, 2006 as they were not needed 
to continue ongoing operations. 
 
The piping from the vapor recovery system and electrode well heads were decontaminated 
using a steam powered pressure washer and these materials along with drip system piping 
were placed in a roll off for disposal as construction/demolition debris.  The roll off box was 
inspected by Naval Station Great Lakes personnel and removed by Waste Management for 
transportation to the Countryside Landfill for disposal. 
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The remaining site restoration began four weeks later on November 6, 2006 with the removal 
of the electrical service transformer, site perimeter fence and the restoration of asphalt, 
concrete and grass surfaces.  The area was cleared of debris and left in the same condition as 
before the remediation on November 16, 2006.   
 

13.0 Conclusions 
 
Based upon the data collected before and during the Naval Station Great Lakes ERH project, 
the following conclusions can be reached concerning this project: 
 

1. Based upon results from fifteen sampling locations, the average concentration of 
PCE in soil was reduced by 99% from a pre-remediation concentration of 445.32 
mg/kg to 4.09 mg/kg, exceeding the project goal of a 95.5% reduction. 

 
2. The ERH technology was installed, operated, and removed with no detrimental 

impact to the local residents or Naval Station Great Lakes facility operations. 
 

3. The maximum subsurface temperature achieved was 109°C, while the average 
subsurface temperature within the ERH treatment volume was 90°C, providing 
evidence that boiling conditions were achieved at depth across the treatment 
volume. 
 

4. An estimated total of 1,200 pounds of CVOC was removed from the treatment 
area through the vapor recovery system. 
 

5. Based on vapor stream sample concentrations obtained during the remediation, 
the greatest mass of CVOCs was extracted during the period when the average 
temperature of the treatment area was between 76°C and 86°C. 
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APPENDIX B 
 

WELL ABANDONMENT FORMS AND WELL CONSTRUCTION DIAGRAMS 











APPENDIX C 
 

WASTE DISPOSAL DOCUMENTATION 













APPENDIX D 
 

FIELD LOG SHEETS   

















































































































































































































APPENDIX E 
 

SURVEY DATA  











APPENDIX F 
 

LABORATORY ANALYTICAL DATA, CHAIN OF CUSTODY RECORDS, AND 
VALIDATION INFORMATION  





























































































































































































APPENDIX G 
 

NAVAL STATION GREAT LAKES GROUNDWATER USE RESTRICTIONS 
MEMORANDUM 





APPENDIX H 
 

GROUNDWATER MODELING CALCULATIONS 
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RESOURCE CONSERVATION AND RECOVERY ACT (RCRA) CLOSURE FORMS 
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